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screen with a mouse—no programming required, quick animated results. 
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Ne\^slog 


NOW 11. The National Aero¬ 
nautics and Space Adminis¬ 
tration, Washington, D.C., said 
it had completed the first phase 
of a program to build a super¬ 
sonic airliner that could re¬ 
place the aging Anglo-French 
Concorde and would begin the 
second. The first phase eval¬ 
uated environmental considera¬ 
tions while the second vwll devel¬ 
op the airframe, propulsion, and 
systems technologies over seven 
years at a cost of US $12 billion. 
The aircraft, plaimed to enter 
service early in the next century, 
will have tv«ce Concorde’s 5600- 
km range and carry twice as 
many passengers. 

NOW 11. Pacific Telesis 
Group, San Francisco, said it 
would spend $16 billion over 
seven years to build a high¬ 
speed information superhigh¬ 
way in California. The network 
will reach L5 million homes 
wdthin three years and 5 million 
by the year 2000. The company 
said the network will use $5 
billion in equipment and tech¬ 
nical services from AT&T Co. 

NOW 15. AT&T Microelec¬ 
tronics, Berkeley Heights, N.J., 
and NEC Corp., Tokyo, said 
they had agreed to develop a 
process for manufacturing ICs 
with features as small as 025 
p,m, halving the size attainable 
using today’s most advanced 
commercial 1C technologies. 
The pact is based on the 
success of the companies’ 1991 
effort to develop a common 
0.35-p,m process, which will be 
used to mass produce 0.35-p.m 
CMOS chips by mid-1995. 

NOW 15. Scientific Atlanta 
Inc., Norcross, Ga., aimounced 
that it had developed a device for 
making phone calls over cable- 
television systems. Called the 
CoAccess Network, the unit lets 
users make calls while receiving 
faxes and order interactive 
games and pay-per-view movies 
over cable wires. The following 
week, Jones Intercable Inc. 
and MCI Communications 
Corp. said they would test the 


new product in Alexandria, Va., 
and Chicago. 

NOW 16. National Power of 
Britain and India’s Ashok Ley- 
land said they would jointly take 
a 51 percent stake in a UK £684 
million project for a 1000-MW 
coal-fired plant at Visakhapat- 
nam in the Indian state of Andhra 
Pradesh. Analysts said the move 
suggests that foreign groups are 
beginning to overcome the reg¬ 
ulatory and other hurdles that 
have restricted entry into the 
Indian power industry. 

NOW 17. MCI Communications 
Corp., Washington, D.C., said it 
had signed agreements with four 
wireless-technology companies 
and Lincoln Laboratory, Cam¬ 
bridge, Mass., to develop per¬ 
sonal communications services 
using novel wireless phone de¬ 
vices. MCI said the group will 
establish specifications for U.S. 
systems that would be compati¬ 
ble with the global system for 
mobile communications (GSM) 
platform developed in Europe. 

NOW 22. Mitsubishi Electric 
Corp., Tokyo, said it had devel¬ 
oped two large-capacity thyris¬ 
tors using 15-cm silicon wafers, 
halving the number of thyristors 
required in any given application. 
One model is a photothyristor 
that has an 8-kV, 4-kA capacity, 
making it over five times more 
powerful than existing 10-cm 
wafer thyristors. The second is a 
gate-turnoff thyristor with a 6- 
kV, 6-kA capacity, twice that of 
existing products. 

NOW 22. Japan’s Federation of 
Electric Power Companies 
said that construction of a fast- 
breeder reactor, which can turn 
spent uranium into usable pluto¬ 
nium while producing electricity, 
may start early next century, in¬ 
stead of in the Me 1990s as sched¬ 
uled. The postponement is due in 
part to Western nations’ increas¬ 
ingly cautious attitude toward the 
use of plutonium. Another factor 
is cost, which is 1.5 times more 
than that of constructing a light- 
water reactor generating the 


same amount of electricity— 
670 000 kW. 

NOW 22. Apple Computer Inc., 
Cupertino, Calif., and Fujitsu 
Ltd., Tokyo, said they would join 
forces to produce multimedia 
software by exchanging program 
data in order to develop compat¬ 
ibility between Apple’s Macin¬ 
tosh and Fujitsu’s FM Towns 
computers. 'The companies said 
they would also encourage soft¬ 
ware companies to develop pro¬ 
grams that would run on the 
machines of both companies. 

NOW 23. California’s Sim Micro¬ 
systems Inc., Mountain View, 
and NeXT Computer Inc., 
Redwood City—former rivals— 
said they would work together to 
build an alternative to Microsoft 
Corp.’s planned Cairo object 
technology operating system. 
Sun will invest $10 million in 
NeXT in exchange for access to 
the company’s object-oriented 
software, which makes it possi¬ 
ble to quickly build modular ap¬ 
plications. NeXT will also open 
up its proprietary operating sys¬ 
tem, NextStep, by licensing its 
so-called application environ¬ 
ment to all comers at no charge. 

NOW 24. Asea Brown Boveri 
Ltd., Zurich, Switzerland, said it 
had signed an agreement with 
China’s Beijing Rectifier Plant to 
make digital converter equip¬ 
ment for electrical drives. The 
venture will be majority owned 
and managed by ABB. 

NOW 24. Electronic Data Sys¬ 
tems, General Motor Corp.’s 
subsidiary in Dallas, Texas, said 
it had won a $148 billion contract 
to run the computers for Inland 
Revenue, Britain’s tax agency. 
Under the 10-year pact, 2000 
Inland Revenue technicians will 
become EDS employees and 
manage the computers used to 
process UK tax returns and col¬ 
lect taxes. The deal was called 
the biggest “outsourcing” pact 
ever made in Europe. 

NOW 24. Researchers at San- 
dia National Laboratories, 


Albuquerque, N.M., using an 
Intel Corp. Paragon supercom¬ 
puter, said they had achieved a 
U.S. speed record of 102.5 giga¬ 
flops. The world record of 124 
gigaflops was set in Japan on a 
Fujitsu Ltd. supercomputer. 

NOW 24. NCR Corp., the com¬ 
puter unit of AT&T Co., said an 
early retirement program would 
be offered to 25 000 employees, 
or nearly half its workforce. The 
company expects about 7500 
workers to accept the offer. The 
cuts are intended to reduce costs 
as the company moves to ad¬ 
vanced microchip technology. 

DEC 1. Intel Corp., Santa Clara, 
Calif., and General Instru¬ 
ment Corp., Chicago, an¬ 
nounced that they had jointly 
developed high-speed communi¬ 
cations devices linking personal 
computers to cable-TV net¬ 
works. Data is sent over cable 
lines 1000 times faster than over 
standard telephone lines. The 
companies plan to introduce 
their technology in several cable- 
TV trials early this year, includ¬ 
ing one by Viacom (Table in Cas¬ 
tro Valley, Calif. 

DEC 1 . The Semiconductor In¬ 
dustry Association, San Jose, 
Calif., said Japan’s Sumitomo 
Chemical Corp. had resumed 
making epoxy resins used to 
encase chips. The company’s 
Niihama plant had been idled by 
an explosion on July 4, spurring 
a five-month panic among chip 
manufacturers that triggered 
price increases of 50 percent for 
certain key chips, such as 
dynamic RAMs. 

Preview: 

JAN 24-27. ComNet ’94, to be 
held at the Washington, D.C., 
Convention Center, will exhibit 
networking products and appli¬ 
cations and present a live dem¬ 
onstration of how local-, metro¬ 
politan-, and wide-area net¬ 
works can work together. For 
information, call 800-225-4698 
or 508-879-6700. 


Sally Cahur 
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At left, on a tour of Qilobal imk, AT&T's cable ship, is a Russian under contract to AT&T Bell Labs—Evgenyi 
Dianov, fiber optics department head at Moscow’s Physics Institute. The others are Aiice White, a Bell research 
department head: Leonard Becicka, the captain: and Jim Barrett, a vp at AT&T’s Submarine Systems. 22 
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Objects desired, clients to be served 

By DAVID A. GABEL 
VIEWPOINT: ROBERT TROY 

42 Application software 

Windows NT attracts, RF joins DSP 
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VIEWPOINT; WILLIAM H. CHILDS 

46 Large computers 

Parallelism to the tore 

By GERRY KHERMOUCH 
VIEWPOINT: HENRY BURKHARDT III 


50 Solid State 

Processors proliferate, machines shrink 

By LINDA GEPPERT 
VIEWPOINT: JOHN ARMSTRONG 

54 Test and measurement 

Boundary scan on tap, test bus boosted 
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VIEWPOINT: RICHARD FAUBERT 

58 Power and energy 

Energy policies in disarray 

By GLENN ZORPEHE 
VIEWPOINT: NARAIN G. HINGORANI 


Muitichip modules link multiple ICs into complex subsystems the size of traditional single-chip packages. The 
ChipFrame MCM, below, shown next to a postage stamp, integrates three chips on a 6.5-cm ^ substrate. 50 


20 Introduction 

By TRUDY E. BELL 

To compete while remaining compatible 
with a multivendor world is now the aim in 
most engineering fields, say Spectrum 
editors and industry experts. 

21 The media event 

Hype helps and hinders virtual reality 

ByTEKLAS. PERRY 

22 Telecommunications 

Cable weds wireless. Bell split impugned 

By TRUDY E. BELL 
VIEWPOINT: PETER COCHRANE 


Users want multimedia as vibrant as this logo newly 
animated by Kleiser-Waiczak Construction Co. 35 
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The Cognex 5000 is the industry's first advanced 
machine vision card to piug into a personai 
computer with an AT bus. 74 

74 Industrial electronics 

Neural networks strike a nerve 

ByGADI KAPLAN 
VIEWPOINT: ODOJ.STRUGER 

77 The specialties 

SAW devices, maglev controls 

By TRUDY E. BELL 

78 To probe further 


Cover! The prototype single-stage-to-orbit DC-X 
made its maiden flight on Sept. 11,1993, at the U.S. 
Army’s White Sands, N.M., missile range. It is seen 
here in mid-ignition (at full ignition, the fuel mix burns 
blue-white). But final tests of the McDonnell Douglas 
one-third-scale model were not completed because 
funding was cut off. See p. 66. 

Photo: U.S. Army 
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Reflections 


The disappearing 
space crunch 

everal years ago I wrote an 
essay about the problems of 
managing space in engineer¬ 
ing latoratories and offices— 
how there was a perpetual 
space crunch because engineers tended to 
accumulate and hide excess square footage. 

That was then, but things have a way of 
changing. Now when I visit labs and offices, 
I see empty rooms and disused equipment 
everywhere. Why is this? 

One theory is that the present siuplus of 
space is really the visible manifestation of 
another trend: like there are getting to be too 
few people. Engineers are disappearing, and 
as in the behavior of semiconductors, they 
leave holes behind in the form of empty 
offices and labs. 

In an equilibrium condition, these space 
holes are greatly attracted to incoming engi¬ 
neers, and a mating occurs that eliminates 
the hole along wi± the transient engineer, 
accompanied by a slight release of energy. In 
the present disequilibrium, however, there 
are too few new engineers to mate with the 
drifting office and lab holes. This results in 
a positively charged atmosphere. 

As I walk down the empty corridors, I 
occasionally stagger and lose my footing in 
the near field of attraction from the empty 
labs and offices. I hear the groaning and feel 
the shifting of the building superstructure 
under the unbalanced gravitational forces 
emanating from the sides of the corridors. 

Where have all the engineers gone? Alas, 
they have been “downsized.” This inoffensive 
word in fact means that the company has 
fired a bunch of people. We speak of the 
“company” as downsizing in order not to 
imply that people are making these decisions. 

\^^y does the company do this? Well, it 
looks around and sees that its competitors 
have downsized and so, to remain competi¬ 
tive, it too must downsize. Moreover, down¬ 
sizing is fashionable, and proves how macho 
the management is. As a result of all the 
downsizing done by the companies in a given 
market, they remain relatively as competi¬ 
tive as they were before. The only difference 
is that society has a lot of surplus people to 
support. (There is obviously something more 
here that I fail to appreciate.) 

I realize that downsizing is the popular 
explanation for the empty space, but I am 
prepared to advocate another theory. Before 
I explain my theory, though, let me tell of 


the incident that led to my inspiration. 

Some years ago I was speaking to a group 
of younger engineers and, as older engineers 
are thoughtlessly prone to do, I began speak¬ 
ing of the “good old days.” In those days, I 
recounted, we used to roll nickels down this 
very corridor. I waved vaguely at the seem¬ 
ingly endless passageway that disappeared 
off toward the horizon. We would listen to the 
hum as the nickel sped its way down the 
flooring, with ears keenly tuned to the clink¬ 
ing that would precede the nickel crashing 
and burning at the side of the corridor. Who¬ 
ever got the longest run from his nickel was 
the winner of whatever was at stake. 


that your office was getting smaller! This 
stalemate continued until there wasn’t 
enough room in the supervisor’s office for his 
chair; only his desk fitted within the nar¬ 
rowed walls. Then, of course, the game was 
up, but what a run it had been, the young 
engineer bragged! “Of course we have fun,” 
he said. “You just don’t know about it.” 

Now what does this have to do with the 
empty offices we now encounter every¬ 
where? There is a simple explanation. My 
theory is that the buildings are getting big¬ 
ger. This is happening slowly at night when 
we are not looking. It happens at the time 
when the paper clips in our desks are mat- 



The younger engineers looked at me 
blankly. ‘This is what you used to do?,” they 
were saying to themselves. “This is how you 
get ahead in this company?” I sensed a fail¬ 
ure in communication. 

“Don’t you people do anything crazy 
now?,” I asked anxiously. “I mean...does any¬ 
one have any fun anymore?” 

There was a long pause. Then one of the 
engineers cleared his throat hesitantly. “Well, 
now that you ask...,” he started, and then pro¬ 
ceeded to describe an incident of revenge 
that had been provoked by the arrogance of 
a newly promoted supervisor. 

The new supervisor, as befitting his lofty 
rank, had moved into a large office, where he 
held audiences with his former friends, now 
his subordinates. After taking about as much 
of his loftiness as they could handle, the sub¬ 
ordinates conceived a plan. Every night after 
he had left, they moved the partitioned walls 
of his office inward a few inches, giving him 
an ever so slightly smaller office each time. 

At first the effect was not noticeable, but 
even after there had been a substantial 
reduction in his space, they heard no com¬ 
plaint. After all, what could he say? Imagine 
going to your supervisor with the complaint 


ing. It is the time when old socks are leav¬ 
ing home and umbrellas are taking wing. It is 
the time when inanimate objects rebel 
against human control. 

There is, of course, a scientific explanation 
for this phenomenon. It is a direct conse¬ 
quence of the big bang and the subsequent 
explosion of the universe. The red shift and 
Hubble’s constant are involved, but that is 
getting too technical. The consequent expan¬ 
sion of buildings is difficult to measure 
because, diabolically, the measuring equip¬ 
ment is also getting larger. It is only we who 
are being left behind. 

Tomorrow when you go to work, look 
carefully at your building. It may seem inno¬ 
cent enough, but examine it closely and see 
if you cannot discern a smirk of satisfaction 
on its edifice. It has grown a tiny bit while you 
slept. Today may be the day when someone 
looks at one of the labs and decides there is 
enough unused space to partition and cre¬ 
ate a new empty room. Think back and ask 
yourself where that empty space came from. 
Consider the theory of surreptitious, incre¬ 
mental growth. Makes sense, doesn’t it? 


Robert W. Lucky 
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The Delta Clipper Experimental DC-X. 
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BREAKTH RD U ^3 H 

IS ygURS, 


Some people called McDonnell Douslas 
Aerospace's mission "unthinkable": develop 
a prototype reusable single-stase rocket 
vehicle in less than two years. And do it on 
a budget that was unthinkably tight. 

But only eighteen months later and under 
budget, McDonnell Douglas’ Guidance Navigation and Controi 
Group delivered flight control software for the Delta Clipper 
Experimental rocket. On its first flight on August 18,1993, the 
autonomously controlled DC-X performed flawlessly, taking 
off and landing vertically, right on target. 

That’s a breakthrough. And that’s the kind of results 
we at Integrated Systems, Inc. hear consistently from users 
of our MATRIXx® Product Family tools. In fact, a recent survey 
showed that MATRIXx users cut development cost and 


time-to-market by up to 67%. These are the gains that 
McDonnell Douglas and others have learned to expect from 
the industry’s only complete mathematical analysis, modeling, 
simulation, code generation and hardware-in-the-loop 
prototyping environment. 

"The MATRIXx design tools made it possible to 
meet the ambitious schedule, budget and technical goals for 
the DC-X," declared Matt Maras, GN&C Software Program 
Manager, McDonnell Douglas Aerospace. 

If we can help 

McDonnell Douglas perform the 
“unthinkable," imagine what 
Integrated Systems and our 
MATRIXx Product Family can 
do for you. 
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(800) 932-6284 
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© Copyright 1993 Integrated Systems, Inc. All Rights Reserved. MATRIX^ is a registered trademark. Other products and brand names 
are trademarks or registered trademarks of their respective holders. 


Circle No. 17 









Flight observations 

I found the Newslog item on guidance of U.S. 
civilian aircraft by Global Positioning System 
(GPS) satellites very interesting [November, 
p. 1]. As an engineer I worked with most 
major airlines, mainly Boeing and Douglas, 
helping to design panels for the 707 through 
the 747 and even the SST. 

I recently crossed the Atlantic on a British 
Airways 747-400 aircraft. Eiuring the flight I 
was allowed to visit the cockpit and sat in 
between the pilot and co-pilot discussing oper¬ 
ations. At the time we were at 37 000 feet. 

I said to the captain I assumed they were 
using GPS. He said no, they did not feel that 
the satellites were stable or reliable enough 
and only used groimd-based points. Appar¬ 
ently British Airways felt that GPS could 
drift or fail. 

Depends on your point of view. 

Gerald C. Ansell 
Corvallis, Ore. 


Solar power for cars 

William C. Gallip’s suggestion [October, p. 
7] that electric vehicles be covered with solar 
cells to extend range and reduce use of util¬ 
ity electricity is qualitatively fine. Unfortu¬ 
nately, solar power is quantitatively impos¬ 
sible for anything except a mini-minicar (a 
microcar?). Solar energy is too diffuse. 

The solar insolation outside the earth’s 
atmosphere is 1 kilowatt per square meter 
(or square yard, for all practical purposes), 
yielding 24 kWh per day. Experience has 
shown that an electric vehicle converted from 
a conventional car usually requires a mini¬ 
mum of about 30 kWh stored in the battery. 

Assuming that the surfaces of a car re¬ 
ferred to by Gallip cover 5 ft by 10 ft, or 50 
fP', this sounds good—about 5 nf or 120 kWh/ 
day available from the photovoltaic cells. 
Charge the batteries in 6 hours! But wait: the 
sun shines, on the average, 12 hours per day 
at any given place. So the effective energy 
is reduced to 60 kWh. This stiU sounds good. 
But the atmosphere absorbs energy, the inso¬ 
lation at the earth’s surface is a function of 
latitude, clouds block the sun, and so on. The 
Jet Propulsion Laboratory has given a rule of 
thumb of 2.4 kWh per day, per square meter. 
So, after a 10 percent conversion of efficiency 
is considered, 2.4 X 5 X 0.1 = 1.2 kWh. Nice, 
but not for a car. 

The Sunraycer photocell-energized racer, 
built by Paul MacCready and his associates 
for the 1989 Solar Energy race across Aus¬ 
tralia, was covered with photovoltaic cells, 
and traveled magnificently, with just about L5 


Forum 


kWh stored in its batteries. It was an exper¬ 
imental, ultralightweight vehicle built to prove 
principles. MacCready is the first to state 
that the principles do not include the possi¬ 
bility that solar-energized cars can be used at 
present to replace conventional vehicles. 

If laws are changed allowdng ultralight¬ 
weight cars on roads and highways, and many 
other factors about the universe of our car- 
dependent socioeconomic structure are 
modified, then solar cars and solar parks for 
charging them may be possible. 

Victor Wouk 
New York City 


Cellular safety debate 

After reading all the comments about RF/ 
VLF emission safety [October, p. 6], I should 
like to add two—rather basic, I think— 
observations. 

I find little or no consideration in current 
publications of possible harmful effects on 
people of VLF or RF electromagnetic fields 
other than tissue warming or induced cur¬ 
rents. It should be obvious that magnetic 
interaction with molecules in the body does 
happen. In the case of VLF emissions, a num¬ 
ber of body functions are observed to cause 
small currents or magnetic fields with fre¬ 
quencies in the range of several 10 Hz—just 
think of nerve signals. Every designer of sen¬ 
sitive equipment would spend considerable 
effort in researching possible interference in 
this case, but biologic^ electromagnetic com¬ 
patibility (EMC) research seems to be rare. 

The usual reference for pathological reac¬ 
tions seems to be cancer. The oversight here 
is that a number of factors, including elec¬ 
tromagnetic fields, may affect a patient to 
lesser but still relevant degrees. 

If I hit a person over the head with a small 
hammer (not too hard) every day, I would bet 
that his or her risk of developing cancer from 
this mistreatment would be quite small, and 
would therefore not show up in a statistical 
study. Still, the person would quite definitely 
be adversely affected by the blows! 

A friend of mine, an acupuncture thera¬ 
pist, has observed that for a number of 
patients, progress in the treatment of chronic 
diseases will sometimes only be made after 
the patient’s sleeping environment has been 
cleared of electrical equipment such as 
radios and televisions. His explanation is that 
the body needs phases of complete relaxation 
to regenerate its own immune system and 
that continued exposure to VLF fields will 
keep the system busy in “defense mode.” 

I would sincerely hope that researchers in 
this area develop a broader field of view for 


nonobvious interactions and a deeper sense 
of the effects of nonlinearity that can turn 
classical cause and effect thinking completely 
upside down at times. When talking about elec¬ 
tronic devices, the researchers understand 
these concepts quite well. What they must 
learn is that humans are not electronic devices. 

Peter G. Holzleitner 

Vienna, Austria 


Following up Fowler 

As a retired engineer and manager who fol¬ 
lowed the same career path that Charles A. 
Fowler did (albeit not nearly so far), I believe 
his “DOs and DONTs for young EEs” [Octo¬ 
ber, pp. 59-61] are excellent advice. I believe 
that this is particularly so with regard to the 
need for keeping in touch with the boss. 

I must, however, take exception to his 
summary remark that “it is not the vice pres¬ 
idents, the managers,...the ‘ilities’ guys...who 
are asked to fix things...” With all due respect 
to us design engineers, over a 37-year career 
I saw many cases where the vice presidents 
and managers were able to provide the clout 
to “let” a problem be fixed when the design 
engineers had the solution but could not get 
it accepted. 

Similarly with the “ilities,” I have seen 
cases where component and process engi¬ 
neering came up with the alternate part, 
material, or process that saved the design 
engineers when they had boxed themselves 
into a comer with a design that did not quite 
work because of some temperature, pro- 
ducibility, or space problem. 

Finally, it was the failure analysis people 
who often came through with the answer as 
to why some new hardware or software 
design package failed in system testing or 
after field deployment—leading the way to a 
solution. 

The purpose in pointing this out is to try 
to prevent the stereotyped perception many 
older design engineers have that other groups 
contribute little or nothing to the overall 
engineering process from being passed on to 
yet another generation of young engineers. 

Incidentally, Fowler’s advice is as applica¬ 
ble to the other engineering disciplines as it 
is to young EEs. 

William F List 

Linthicum, Md. 

Fowler’s article was insulting to many engi¬ 
neers and furthers the elitist attitude many 
designers already have. He calls quality, reli¬ 
ability, manufacturability, and so on the 
“fringes” of engineering, and implies that 
they are not a worthy career choice for a real 
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revolutionary user interface, graphical 
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Forum 

engineer. Having worked in quality and reli¬ 
ability, in addition to design engineering, I can 
confirm that there are pros and cons to each, 
and such career decisions should be based on 
many factors. 

I disagree that these areas are “fads.” 
Their importance has become increasingly 
apparent as we have learned what is neces¬ 
sary to be competitive in a world market¬ 
place. Unfortunately, Fowler’s attitude is 
shared by many design engineers, which is 
why products that fail often or cannot be 
manufactured cost-effectively continue to 
get designed. My advice to young EEs is to 
learn as much as you can about these areas, 
and use them in whatever career path you 
choose. This vnll make you a much more 
valuable engineer. 

Cindi Anderson 
San Jose, Calif. 

I tend to agree with Fowler’s remarks about 
the “ilities” (a term I despise). The assurance 
technologies have much to recommend them. 
The young EE, however, is too naive to appre¬ 
ciate their worth in the beginning of a career. 

Like Fowler, I have spent more than 40 
years in my profession. The beginning years 
were devoted to understanding the field of 
design engineering, and I gained a modestly 


good reputation as a color TV design engi¬ 
neer and then as a frequency control “expert.” 
It was not until 1960 that I became one of the 
fathers of the reliability department at Mag- 
navox, assigned as a circuit reliability analy¬ 
sis leader. From then on, I stayed in R& M 
almost until the end of my career (I retired 
two years ago), although most of my work was 
in other areas, such as automatic testing. 

The assurance technologies field has been 
good to me. I have never been unemployed, 
although some people I know have been, at 
one time or another. U.S. industry still has 
not learned the lessons taught by Doming, 
Juran, Feigenbaum, and the rest. We are still 
struggling, in this country, to catch up to the 
Japanese, Germans, Koreans, and others, in 
the production of quality products. Read for 
‘iquality,” however, the rest of the assurance 
technologies, which attempt to provide the 
customer with a good, working product that 
will withstand the test of time and use—^what 
reliability engineers refer to as “failure-free” 
operation, a dream that is still in formation. 

I do not know what Fowler really meant by 
the “fringes of engineering,” but it almost 
sounds pejorative. I hope it was not meant that 
way, because it would indicate Fowler’s bias 
and misunderstanding of our technical field. 

After all, there are some 3000 IEEE mem¬ 
bers who belong to the Reliability Society and 
several more thousands in ASQC and other 


organizations. Our annual symposium (RAMS) 
is considered one of the best organized and 
run in the nation. In January 1994, in Anaheim, 
Calif., we will be presenting 20 tutorial ses¬ 
sions. History shows that at least 50 people 
will attend each tutorial. Something good 
must be going on. Even if you consider your¬ 
self a design engineer, it might be useful to 
attend some of the tutorials, which will teach 
you more about how things can fail, improv¬ 
ing your skills in developing things that work. 

Alan 0. Plait 

Springfield, Va. 


On Spectral Lines 

In “Of wishes, hopes, and schemes” [October, 
p. 21], Murray Slovick repeats a suggestion 
that reports of a successful Strategic 
Defense Initiative (SDD test may have been 
an “elaborate fraud,” and he frets that some 
engineers may have behaved unethically. 

Journalists would do well to recognize that 
the threat of SDI, whether real or fabricated, 
was a major factor in the collapse of the 
Soviet Union and the end of the arms race. 
If the test was covertly rigged, the engineers 
involved participated in a legitimate strate¬ 
gic deception in defense of this nation. Know¬ 
ledge of such deception, if it occurred, would 
necessarily be withheld from journalists and 
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politicians. Does Slovick consider it unethical 
for General Schwarzkopf to have deceived 
Iraqi forces into believing that the thrust into 
Kuwait would come by amphibious landing? 

Difficult as it may be for a journalist, the 
editor of IEEE Spectrum must learn to dis¬ 
tinguish between fraud in pursuit of unfair 
commercial advantage on the one hand and 
strategy in furtherance of national security 
on the other. The former is unethical; the lat¬ 
ter is not. 

Marvin R. Heembrock 
Penn Valley, Calif. 


What is the prohlem? 

Robert Lucky’s essay, “Technology isn’t the 
problem” [November, p. 14], was interesting 
and well written, but it failed to mention what 
should have been its most important point: 
technology is a much easier enterprise than 
business, economics, advertising, politics, and 
the law. Engineering and science—^which 
together embrace what most of us mean by 
“technology”—consist in essence of dis¬ 
cerning and exploiting the laws of nature. 
That is a comparatively easy business, given 
nature’s regularity and its obedience to 
knowable (and largely known) laws. 

The other fields, by contrast, consist in 
essence of attempting to manipulate and 
exploit human nature, but with almost no 
knowledge of how the human mind works. 
Other than a few purely qualitative princi¬ 
ples—such as that humans are short¬ 
sighted, greedy, afraid of change, power-hun¬ 
gry, manipulative, and desirous of praise 
—^what does a politician or marketer have to 
guide his or her work? Nothing that comes 
even close to the power and reliability of 
tools like finite-element analysis, the Smith 
chart, or the Bode plot, not to mention such 
overarching concepts as general relativity 
and quantum electrodynamics. 

We engineers work in a field where it is 
possible to know what you are going to do, 
and we do. The others work in a field so ill 
defined and riddled with quagmires that even 
characterizing it has me stumped. 

One very serious consequence of these 
facts is that technologists are giving the busi¬ 
ness and political leaders of the world capa¬ 
bilities that those lay leaders are incompe¬ 
tent to manage. The most obvious, of course, 
is the atomic bomb. Look at how many hun¬ 
dreds of billions of dollars have been wasted 
in developing those weapons and then 
defending against them. Look and either 
weep or laugh at the absolutely insane behav¬ 
ior of our entire species. 

Today, the big danger is automation. We 
are fast figuring out how to produce the 
goods and services we need without a human 
labor force. But we have not figured out a 
better way to distribute the wealth that will 
be produced other than by rewarding work. 
This can lead nowhere good. 


Might it not be a good idea to slow down 
the one until the other catches up? 

Name withheld on request 
New York City 


Corrections 

On p. 42 of the September issue, under 
Acknowledgments, Thomas Stepien should 
have been listed as a member of the team. 

On p. 1 of the November issue, in the first 
listing for Sept. 29, the fuel efficiency should 
have been “80 miles per gallon (3 liters per 
100 kilometers).”— Ed. 
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705-7453. The e-mail (Internet) address is n.hant- 
man@ieee.org. The computer bulletin board num¬ 
ber is 212-705-7308; the password is SPECTRUM. 
For more information, call 212-705-7305 and ask 
for the Author’s Guide. 
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Keyboanl crime or pubescent bubris? 

Mike Godwin 

Computer journalists typically portray so- 
called computer “hackers” in one of two 
ways. The first involves analyzing their activ¬ 
ities, both legal and illegal, as part of a cultural 
movement or the outcome of a clash of subcul¬ 
tures. Examples of this approach include 
Steven Levy’s Hackers (published by Anchor 
Press/Doubleday in 1984) and Bruce Sterling’s 
The Hacker Crackdown (Bantam, 1992). With 
this book, however, Paul Mungo and Bryan 
Clough take the other approach; treating 
hackers essentially as common criminals. 

The problem with these approaches is that 
each tends to miss an important dimension 
of the hacker phenomenon. Dealing with 
hackers and “phreakers” as members of a 
distinct culture or subculture tends to ob¬ 
scure the fact that they are also members 
of the society whose rules they are knowingly 
violating. And while some kinds of hacking 
(for example, attempts to thwart security 
systems and explore the capabilities of large 
computers) are driven by intellectual curios- 


Bods 


ity, other kinds (toll fraud, credit card fraud, 
computer vandalism, and most releases of 
computer viruses) are essentially criminal 
and cannot be dismissed so lightly. 



On the flip side, the assumption that hack¬ 
ers and virus-writers are just criminals with 
new tools—an assumption explicit in this 
book’s subtitle—^has its own hazards. For one 
thing, it invites lawmakers and enforcement 
officials to treat hackers as the digital equiv¬ 
alents of burglars and thieves, when all too 
often their motives are far more innocuous, 
and the harm they cause far less damaging. 

Another problem with this mind-set is that 


it offers no insights into run-of-the-mill com¬ 
puter malfeasance. The vast majority of com¬ 
puter intruders are teenagers and post-ado¬ 
lescent males who seem more interested in 
ferreting out secrets (and becoming famous 
for their ability to do so) than in stealing or 
doing harm to man or machine. Many of 
them dream of becoming computer secu¬ 
rity professionals or offering their services 
to their countries’ intelligence and law en¬ 
forcement agencies. Still others justify their 
actions as expanding knowledge about com¬ 
puters, exposing the weaknesses of critical 
systems, or empowering individuals to con¬ 
trol the technology that is increasingly being 
used to control them. Trying to understand 
their motives in terms of traditional crimi¬ 
nality is an enterprise doomed to frustration. 

Do these hackers’ sometimes enthusias¬ 
tic, sometimes anguished justifications of 
computer hacking represent/ios/-/joc ratio¬ 
nalizations of illegal acts? Of course, in some 
cases. But they also may point to some essen¬ 
tial truth about the motivations for hacking. 
In her insightful book The Second Self: Com¬ 
puters and the Human Spirit (Harvard Uni- 
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versity Press, 1984), Sherry Turkle argues 
that computers are different from other tools 
because they lend themselves more easily to 
projections of our normal human needs and 
concerns. Adolescents, she writes, may find 
their computer skills to be both a refuge and 
a testing ground for self-definition. 

The fact that hackers don’t always easily 
fit the criminal model Aogs Approaching Zero 
from start to finish, with many facts and sto¬ 
ries undermining the book’s claim to be a 
sensational account of an “underworld” full 
of “keyboard criminals.” For example, the 
authors detail how the computer security 
industry, with the willing assistance of the 
trade press, actually did much to create the 
mderworld of virus -writers by publicizing 
virus “epidemics” long before any had oc¬ 
curred. And the authors make no attempt 
to conceal the fact that the average would-be 
hacker is a nerdy teenager with a penchant 
for dangerous-sounding “handles” (a sort of 
nom de hack). This is not the stuff computer 
crime waves are made of. 

The authors also explore more familiar 
ground, such as the history of phone ‘^break¬ 
ing” (evading long-distance charges, for the 
most part) and its growth into a subculture 
of teenage hackers with bulletin-board sys¬ 
tems, electronic newsletters, and anarchic 
attitudes. And it is in this familiar territory 
that the authors’ haste and the book’s con¬ 


sequent weaknesses become apparent. Since 
the material was largely pulled from secondary 
sources, mistakes in the original newspaper 
and magazine accounts are often reproduced. 

These errors range from the small (South¬ 
western Bell security expert Reed Newlin 
becomes Reed Nolan) to the unconscionable. 
In describing the U.S. Secret Service’s ill- 
considered raid on Steve Jackson Games, for 
example, the authors write that “the com¬ 
pany specialized in publishing computer 
games.” In fact, the company has never pub¬ 
lished a computer game; it produces role- 
playing games based on rulebooks and spe¬ 
cial dice, not computers and diskettes. So 
when the Secret Service decided on the basis 
of scanty and misunderstood evidence to seize 
the company’s bulletin-board system and man¬ 
uscripts, it was shutting dovm a publisher of 
materials protected by the First Amendment, 
as evidenced by the company’s recent suc¬ 
cessful lawsuit against the U.S. government. 

The authors also assert that the raid was 
part of the Secret Service’s now infamous 
Operation Sundevil, an antifraud operation. It 
has long been established that Sundevil, while 
similarly ill-conceived, was wholly separate 
from the Chicago-based investigation that 
resulted in the illegal search and seizure at 
Jackson’s game company. These facts are 
documented in Sterling’s lxx)k and elsewhere, 
but the authors seem not to have gone beyond 


the earliest newspaper clippings. 

The book does shine, however, in its dis¬ 
cussion of microcomputer viruses, particu¬ 
larly in the chapter on the Bulgarian virus 
writers, whose internationally effective labors 
stand as an apparent testament to the fact 
that there’s nothing else to do on a Saturday 
night in Sofia. It is no coincidence that these 
parts of the book are based on the authors’ 
ovra original research; Mrmgo, a magazine 
journalist, and Clough, a British computer 
security expert, have each written about 
virus writers, and readers will discover facts 
about the explosion of virus writing in the 
late ’80s and early ’90s that do not appear in 
other treatments of the phenomenon. 

For these chapters alone, if not for its gen¬ 
eral merit. Approaching Zero deserves a 
place on the bookshelves of those interested 
in computer hacking, computer crime, and 
the legal and social issues raised by both. 

Mike Godwin is on-line counsel at the Electronic 
Frontier Foundation in Washington, D.C., where 
he advises users ol electronic networks about their 
legal rights and responsibilities, conducts seminars, 
and instructs criminal lawyers and law entorcement 
personnel about computer civil liberties. He has 
written many articles on topics such as electronic 
searches and seizures, the First Amendment and 
electronic publications, and the application ol inter¬ 
national law to computer communications. 
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Calendar 


Meetings, Conferences, and Conventions 


JANUARY 


International Conference on Wafer 
Scale Integration—ICWSI (C, CHMT); 
Jan. 19-21; Fairmont Hotel, San Francisco; 
Stuart Tewksbury, Department of Electri¬ 
cal and Computer Engineering, Engineer¬ 
ing Science Building 827, West Virginia Uni¬ 
versity, Morgantown, WV 26506; 304-293- 
6371; fax, 304-293-5024. 

Annual Reliability and Maintainability 
Symposium—RAMS (R); Jan. 25-27; Ana¬ 
heim Marriott Hotel, Anaheim, Calif.; V. R. 
Monshaw, Consulting Services, 1768 Lark 
Lane, Cherry Hill, NJ 08003; 609-428-2342. 

Power Engineering Society Winter 
Meeting (PE); Jan. 30-Feb. 3; New York 
Hilton and Towers, New York City; Frank 
E. Schink, 14 Middlebury Lane, Cranford, NJ 
07016-1622; 908-276-8847. 


FEBRUARY 


loth Semiconductor Thermal Mea¬ 
surement and Management Sympo¬ 
sium—Semi-Therm (CHMT); Feb. 1-3; 
Red Lion Hotel, San Jose, Calif.; Bonnie Crys- 
tall, C/S Communications Inc., Box 23899, 
Tempe, AZ 85285; 602-625-0700. 

15th Aerospace Applications Confer¬ 
ence (AES); Feb. 5-12; Mountain Haus, Vail, 
Colo.; Chuck Zamites, 1719 Morgan Lane, 
Redondo Beach, CA 90278. 

Digital Video Compression on Personal 
Computers: Algorithms and Technolo¬ 
gies Conference (C); Feb. 6-10; San Jose 
Convention Center, California; Jane Lybecker, 
SPIE, Box 10, Bellingham, WA 98227; 206- 
676-3290; e-mail, janel@mom.spie.org; or 
Arturo A. Rodriguez, Kaleida Laboratories; e- 
mail, aar@kaleida.com. 


High-Speed Networking and Multimedia 
Computing Conference (C); Feb. 6-10; San 
Jose Convention Center, California; Jane 
Lybecker, SPIE, Box 10, Bellingham, WA 
98227-0010; 206-676-3290; e-mail, janel® 
mom.spie.org; or Arturo A. Rodriguez, Ka¬ 
leida Labs; e-mail, aar@kaleida.com. 

Basque International Workshop on 
Information Technology (C); Feb. 7-9; 
Hotel Athlanthal, Biarritz, France; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washington, 
DC 20036-1992; 202-371-1013; fax, 202-728- 
0884. 

Second CAD-Based Vision Workshop 
(C); Feb. 8-10; Seven Springs Mountain 
Resort, Champion, Pa.; IEEE Computer Soci¬ 
ety, Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, DC 20036- 
1992; 202-371-1013; fax, 202-728-0884. 

Applied Power Electronics Conference 
and Exposition—APEC ’94 (lA, PEL); 
Feb. 13-17; Walt Disney World Resort, 
Orlando, Fla.; Pamela Wagner, Courtesy 
Associates, 655 15th St., S.W., Suite 300, 
Washington, DC 20005; 202-639-4990; fax, 
202-347-8109. 

Network Operations and Management 
Symposium (COM); Feb. 14-18; Hyatt 
Orlando Hotel, Kissimmee, Fla.; Jill Pancio, 
Pacific Bell, Room 100,7620 Convoy Court, 
San Diego, CA 92111; 619-268-6135; fax, 619- 
292-1509. 

10th International Conference on Data 
Engineering (C); Feb. 14-18; Doubletree 
Hotel, Houston, Texas; IEEE Computer Soci¬ 
ety, Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, DC 20036- 
1992; 202-371-1013; fax, 202-728-0884. 

(Continued on p. 15) 


IEEE members attend more than 5000 IEEE 
professional meetings, conferences, and con¬ 
ventions held throughout the world each year. Eor 
more information on any meeting in this guide, 
write or cali the listed meeting contact. 

Information is also available from: Conference 
Services Department, IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, NJ 80055; 
908-562-3878; submit conferences for listing to: 
Ramona Foster, IEEE Spectrum, 345 E. 47th St., 
New York, NY 10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 


:2DSP ASSOCIATES & 


Ekctromc Engmeorng 

TIMES 


announce 


ICSPAT ‘94 

CALL FOR PAPERS 

( The 5th International Conference on ^ 

Signal Processing Applications & Technology > 

featuring 

DSP WORLD EXPO 

Dallas, Texas, USA • October 18-21,1994 

More trian 30 Application Areas, including: 

Audio & Speech Processing, Automotive, Biomedical, Communications, Consumer 
Electronics, DSP Software & Hardware, Image Processing, Industrial Control, 
Multimedia, Neural Networks, Parallel Processing, Radar, Radio/SATCOM, Robotics, 
Speech Recognition, Underwater/SONAR, VLSI and other applications... 


Deadline for Abstracts is April 15,1994 

SEND 400-WORD ABSTRACTS TO: 

DSP Associates • 49 River Street • Waltham, MA 02154 • USA 
Tel: (617) 964-3817 • Fax: (617) 969-6689 • EMail: DSPWorld@world.std.com 


14 


IEEE SPECTRUM JANUARY 1994 





















- 


Time-savmg 

Solution-producing 

Engineer-pleasing 

HP48G 



Quicker. Easier. 

To save you time. 

To get solutions quickly, carry the 
best portable tool for engineering 
computation. The HP 48G graphic 
c2ilculator. Focused problem-solving 
enviromnents in the HP 48G lead 
you to answers fast. 

Press E) and EQUATION. Create 
equations that look the same way 
you’d write them. Press Sand 
SOLVE. Then just choose the kind 
of problem you want to solve. Like 
differential equations, a system of 
linear equations, or others. It’s 
your choice. 

You’ll quickly 
learn to operate it! 

Pull-down menus guide you through 
problem-solving smoothly and quickly. 


Push a button, select an entry from 
the puU-dovm menu, and fill in the 
blanks. Entering data is that easy. 

The tool you would have 
designed for yourself! 

Technically sophisticated. It contains 
over 300 built-in equations grouped 
into 15 technical subjects. Electricity, 
forces and energy, stress analysis, 
and other technical categories. 

And, it lets you work with many 
different object types for solving 
problems. Real numbers with units, 
polar forms of complex numbers, 
symbolic constants, variables in 
formulas, matrices, and lots more. 
It’s an engineer’s dream tool! 


Special money-saving offer 
on Sparcom’s CalcWare 
PC/Mac Link software 
and connectivity cable. 

The HP 48G (and its RAM card 
expandable cousin, the HP 48GX) can 
be linked to your desktop PC or 
Mac. Sparcom is offering a special 
$49.95 price ($10.00 off) on its HP 48 
CalcWare PC/Mac Link. This coimec- 
tivity software and cable are being 
offered at a special price from 
October 1, 1993 until June 30, 1994. 
To get more information on the 
HP 48 along with this and other 
special Sparcom offers, call 
800-443-1254, Dept. 142. 

wgm HEWLETT® 
PACKARD 


PG12308A 



















Recent books 


Digital Image Processing. Teuber, Jan, Fien- 
tice Hall, Englewood Cliffs, N.J., 1993,263 pp., 
$40. 

Composite Materials in Maritime Structures: 
Fundamental Aspects, Vol. 1 . Eds. Shenoi, R. 
A., and Wellicome, J.F., Cambridge University 
Press, New York, 1993,351 pp., $69.95. 

Composite Materials in Maritime Structures: 
Practical Considerations, Vbl. 2 .FAs. Shenoi, 


R.A., and Wellicome, J F., Cambridge Uni¬ 
versity Press, New York, 1993, 306 pp., 
$69.95. 

Advanced Topics in Materials Science and 
Engineering. Eds. Moran-Lopez, J.L., and 
Sanchez, J.M., Plenum Publishing, New York, 
1993,356 pp., $95. 

The AMA Handbook of Project Management. 

Ed. Dinsmore, Paul C, Amacom, New York, 
1993,489 pp., $85. 

VM/CMS: Concepts and Facilities. Savit, 


Jeffrey, McGraw-Hill, New York, 1993,461 pp., 
$45. 

The ISO 9000 Book: A Global Competitor’s 
Guide to Compliance and Certification. Rah- 
bitt, John T., and Bergh, Peter A., Amacom, 
New York, 1993,176 pp., $26.95. 

Lee de Forest and the Fatherhood of Radio. 

Hijiya, James A., Lehigh University Press, 
Cranbury, N.J., 1992,177 pp., $32.50. 

Learning tn Manage Technical Professionals. 

Stein, Richard J., Addison-Wesley, Reading, 
Mass., 1993,208 pp., $25.95. 


Introduction to Artificial Neural Systems. 

Zurada, Jacek M, West Publishing Co., St. 
Paul, Minn., 1992,785 pp., $5L75. 


Assessing the Base Force: How Much is Too 
Much. Kaufmann, William W., Brookings 
Books, Washington, D.C., 1992,97 pp., $9.95. 


Performance Contracting for Energy and 
Environmental Systems. Hansen, Shirley J., 
Prentice Hall, Englewood Cliffs, N.J., 1993, 
317 pp., $69. 


Workstation power on yimr PC Performs m the familiar Microsoft Windows environment 


PERSONAL DYNAMIC SYSTEM SIMULATOR: 
Powerful. Portable. And instantly productive. 

Introducing workstation-level design, simulation 
and analysis tools for your PC. Intuitive, 
powerful and dynamic, SystemView 
thinks like you do. And there’s 
no code to learn! It 
provides application 
development tools for 
DSPs, signal processing, 
communication and 
control system H 
applications, plu; ' 
mathematical system I 
modeling. For more * _ 

information or to place ■=■ • • 

an order, call ELANIX now. 


535-2649 


Silicnn Mirage: The Art and Science ef Vir¬ 
tual Reality. Aukstakalnis, Steve, and Blat- 
ner, David, Peachpit Press, Berkeley, Calif., 
1992,300 pp., $15. 

The Cerperate Cabling Guide. McF/roy, Mark 
W„ Artech House, Norwood, Mass., 1993, 111 

pp., $60. 

The Computer Prefessional’s Guide to Effec¬ 
tive Cemmunicatien. Simon, Alan R., and 
Simon, Jordan S., McGraw-Hill, New York, 
1993, 275 pp., $29.95 (hardcover), $19.95 
(paperback). 

Digital Design Fundamentals. Breeding, 
Kenneth J., Prentice Hall, Englewood Cliffs, 
N.J., 1992,446 pp., $60. 

Serial Cnmmunicatinns: AC-«■ -f Develeper’s 
Guide. Nelson, Mark, M&T Books, San 
Mateo, Calif., 1992,662 pp., $44.95. 

Computer Aided Logical Design with Empha¬ 
sis on VLSI, 4tb edition. Hill, Frederick /., 
and Peterson, Gerald R., John Whey & Sons, 
New York, 1993,534 pp., $75.95. 

Guide to the National Electrical Cede, 1993 
edilien. Harman, Thomas L, and Allen, 
Charles E., Prentice Hall, Englewood Cliffs, 
N.J., 1993,399 pp., $44. 

Designing, Writing, and Producing Computer 
Decumenlation. Denton, Lynn, and Kelly, 
Jody, McGraw-Hill, New York, 1993,258 pp., 
$39.95 (hardcover), $24.95 (paperback). 

(Continued on p. 14FE) 
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Why chase your tail when we could be 

DOING THE LEGWORK? 


Whether you're developing a new 
produa or improving an existing one, 
a simple phone call to 1-800-678-NTTC 
can help you stop running in circles. 

As one of the atuntry's leading R&D 
resources, the National Technology Transfer 
Center will match your technology needs 
with government research in that area. 
We can put you in toudi with more than 
100,000 scientists in 700 goveritment 
laboratories, conducting more than $25 
billion worth of research. 


Yet your phone inqiiiry-and its 
answer-doesn't cost you a single dime. 

NTTC is an independent organization, 
driven to improving the competitive 
edge of American industry. We have 
helped large companies extend their 
R&D departments, and smaller finns gain 
entry into the sophisticated world of 
technological infonnation and assistance. 


Irt faa, during the last year, we have 
helped nearly 2,000 U.S. companies with 
nearly 3,000 technological assistance 
reciuests. Enabling tltem to move forward 
with cxtmrnertial applications of federally 
funded research. 

So call the National Technology 
Transfer Center today. And stop spinning 
your wheels. 


National Technology Transfer Center 









FOR IEEE MEMBERS ONLY 


The New IEEE 
Financial Advantane 
Program 


Bringing members and their families 
valne-added benefits en a variety ef 
flnancial services that nen-members 
simply caift get. 

Mutoal Funds 

IEEE BalanCOd Fund Created exclusively for IEEE members, 
this fund seeks to provide “balanced” investing, by 
combining the growth potential of stocks with current 
income from bonds. 

Vista"* Family Of Mutual Funds 

A fund family with over 20 
investment options, all 
managed by the investment 
professionals at Chase 
Manhattan. Offered to IEEE members with no sales 
charge—saving members up to 4.75%. Featuring: 

IRAs and other retirement plans available with a low 
$250 minimum investment. 

Special savings for IEEE student members 
Free exchange privileges 

Cant 000 GET-ISE For more information on 

mutual funds, 24 hours a day, 7 days a week. 



liiiS^ 

The New IEEE Gold MasterCard and Visa Gold . . . 
an alternative power source for your wallet. 

The new IEEE Visa Gold and Gold MasterCard from Primerica 

Bank are the only credit cards superior enough to 
qualify for the IEEE’s sponsorship: 

A special 8.9% fixed APR 
through April 30, 1995, on 
any balances you transfer to 
your new IEEE account by 
May 1, 1994. 

No Annual Fee —And you can also obtain additional 
cards still with no annual fee. 



A low variable interest rate of 12.9% —as compared 
to 15.9%'18.6% APR charged by other banks, you’ll 
save in finance charges. 


And much more including: 


•An interest-free grace period •Personalized 
creditline checks •Up to $1 Million Travel Accident 
Coverage •Purchase Assurance and Extended 
Warranty Protection •Around-the-world travel 
assistance •Instant cash access 


Call 1 800 772-2221 for more information about 

the new IEEE MasterGard and Visa or to apply by 
phone call 1 800 242-9409 ext. 58. 


Program offered exclusively to IEEE members, employees and their immediate families (spouse, children, parents and siblings). Vista Broker-Dealer Services, Inc., is the 
Funds’ distributor and is unaffiliated with Chase. Investments in the funds are not deposits, obligations of, endorsed or guaranteed by Chase and are not insured or 
guaranteed by the FDIC, Federal Reserve Board or any other government agency. Investments in mutual funds are subject to risk that may result in loss of 
principal. The Chase Manhattan Bank, N.A., is the IEEE Balanced Fund’s overall investment adviser, administrator and custodian. Atlanta Capital Management 












FOR IEEE MEMBERS ONLY 


Loans 


Take advantage of today’s low interest rates with these 
loan options: 

Home Financing Flexible 

terms, up to $300 off 
closing costs.' 

Auto Financing no applica¬ 
tions—approvals over 
the phone. 

Education Financing Students can borrow without income 
requirements. Parents can borrow the full cost of 
education less other financial aid.^ 



Cain 000 6ET-IEEE For more information o 

loans, 24 hours a day, 7 days a week. 

Annuities 


The smart way to invest for retirement: Accelerate 
investment growth by tax-deferred compounding of 
interest dividends and capital gains. 


Seabury & Smith, the IEEE Group Insurance Program 
Administrator, has arranged to give members access to 
a variety of investment portfolios through the Putnam 
Capital Manager Variable Annuity: 


Quaranteed Interest 
Accounts 

Capital Qrowth Funds 
Fixed Irwome Funds 
Capital Preservation Funds 


iEEE MEMBERS ONLY 


No Annual Fee 
tor Lite 


Including low initial investments of $500, double 
withdrawal privileges and ability to move money 
between options without penalties.^ Plus, your principal 
is insured against loss while your earnings grow 
tax-deferred. 

Cam 80nB29-B7e3 For more information on 

annuities, 8am-8pm Eastern time, Monday-Friday. 


00 ^ lusurance 

This program will help you take care of your family 
as your financial needs change. Each plan in the IEEE 
Group Insurance Program has been designed to offer 
high-quality, cost-effective coverage, from basic 
comprehensive protection to coverage that can supple¬ 
ment your existing insurance. 

•Term/Universal Life •In-Hospital •Comprehensive 
Healthcare •High-Limit Accident •Disability 
Income •Long Term Care •Small Business •Cancer 
Expense •Excess Major Medical 

Call 18B0493-IEEE (4333) for more 

information on the insurance program, 8 am- — 8 pm 
Eastern time, Monday—Friday. 



Save 40% over Federal 
Express on overnight air 
express services. Airborne 
8-oz. Letter Express is only $9.25 to almost anywhere 
in the U.S. Members receive additional discounts 
when mailing five or more. 


Call 1800 842-4292 For more information on 

overnight express service, 24 hours a day, 7 days a week. 
Use discount code * 00 401 301. 


If you’re not a member, ask for membership 
information when you call. 



PROGRAM 
Your IEEE Financial Advantage is just 
a simple phone call away. 


(with the Institute of Electrical and Electronics Engineers, Inc.) is the Fund’s suh-adviser and manages the Fund’s portfolio. The Chase Manhattan Bank, N.A., is the 
Portfolio adviser for the other Funds in the Vista Family of Mutual Funds. Call the above number for prospectuses that contairts more complete information including 
sales charges and expenses. Read them carefully before investing or sending money. 'Equal Housing Lender 'Education loans and auto loans are made by The Chase 
Manhattan Bank, N.A. 'A contingent deferred sales charge may apply to withdrawals made within 7 years of purchase. SP194 
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If you re a small 
minority-owned 
business specializing 
in aeronautics, 
we have your work 
cut out for you. 

If your company can competitively bid 
on contracts for products, 
materials or services in any of the 
following fields, write today. 


Lockheed Aeronautical 
Systems Company 
86 S. Cobb Drive, IEEE 
D/51-42, B/C-33,Z/0510 
Marietta, GA 30063-0510 
Jim Steele 

Advanced Composite Materials 
Integrated Modular Avionics 
Liquid Crystal Displays 

Lockheed Fort Worth Company 
RO. Box 748, IEEE 
M/Z 1400 

Fort Worth, 7X 76101 
Ted Allen 

Advanced Metallic Material 
Electric Power Generation 
Computational Fluid Dynamics 
Passive EO 

Lockheed Advanced 
Development Company 
RO. Box 250, IEEE 
D/43-32, B/311,P/B6 
Sunland.CA 91041 
Lisa Villegas 
Advanced Avionics 
Electro-Optics 

Low Observable Technology 

Flight Controls 

Lasers 

Flybrid Micro-Electronics 

Lockheed Aircraft Service Company 
RO. Box 33, IEEE 
D/1-580, B/R12 
Ontario, CA 91761-0033 
Faye Graybeal 

Custom Software for Special 
Airborne Mission Technology 
Custom Aircraft Antennas 


'^^LocHheed 

I_I 


Recent books 


(Continued from p. 14BE) 


/. Ohba, Ryoji, 
John Wiley & Sons, New York, 1992,167 pp., 
$49.95. 

Antenna Engineering Handbook, Srd edition. 

Johnson, Richard C., McGraw-Hill, New 
York, 1993,1520 pp., $119.50. 

Innovative Energy Design For The 90’s. 

Meckler, Milton, Fairmont Press, Lilburn, 
Ga., 1993,403 pp., $64. 

Software Process Quality. Yeh, Hsiang-Tao, 
McGraw-Hill, New York, 1993,200 pp., $40. 


C+ -F 

Winder, R, John Wiley & Sons, New York, 
1993,494 pp., $39.95. 

Essays on Object-Oriented Software Engi¬ 
neering, Vol. I. Berard, Edward V., Prentice 
HaU, Englewood Cliffs, N.J,1993,352 pp., $35. 

IBM RISC Systeni/6000: A Business Per¬ 
spective, 3rd edition. Hoskins, Jim, John 
Wiley & ^ns,New York,1993,346 pp, $26.95. 

Science with a Smile. Weber, Robert L, Insti¬ 
tute of Physics Publishing, Philadelphia, Pa., 
1992,452 pp., $39. 

VSAM Architecture, Theory and Applica¬ 
tions. Brumbaugh, Larry /., McGraw-Hill, 
New York, 1993,396 pp., $44.95. 

The Anatomy of Programming Languages. 

Fischer, Alice E., and Grodzinsky, Frances S., 
Prentice Hall, Englewood Cliffs, N.J., 1993, 
557 pp., $52. 

Operational Amplifiers: Integrated and 
Hybrid Circuits. Rutkowski, George B., John 
Wiley & Sons, New York, 1993, 357 pp., 
$69.95. 

Concurrent Aggregates. Chien, Andrew 
MIT Press, Cambridge, Mass., 1993,194 pp., 
$30. 


Graphics: A Structured Approach. Barzei, 
Ronen, Academic Press, San Diego, Calif., 
1992,334 pp., $39.95. 


Baker, Louis, John Wiley & Sons, New York, 
1993,365 pp., $39.95. 

Phase-Locked Loops: Theory, Design and 
Applications, 2nd edition. Best, Roland E., 
McGraw-Hill, New York, 1993,374 pp., $50. 


ir. Powers, Thomas, Alfred 
A. Knopf, New York, 1993,610 pp., $27.50. 



mmMl 

Objective Numerical Analysis 

Numerical 
Solutions With 
Less Effort 

O-Matrix® is a matrix-based 
interactive language for the PC. 
“Like an enhanced MATLAB.” 

-IEEE Spectrum 

$95 

• Single matrices up to 32 MB 
• Six matrix types 

• Integrated debugger 
• Kalman filter, 

Circuit simulator, 
Wavelets, 

Spectral Analysis... 

Free Demo 


X 206 367-1067 
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SONY 



Choosing Your Data Recorder 
Shouldn’t Be An Experiment. 


When ir comes to data recording. Sone takes the variables out of the 
Our field-tested line of helical scan data recorders deli\ ers pro\'en rt 
and performance. The DIR-IOOO Series offers high capacitv 100 GB\ti 
high-speed (up to 256 Mb/s' in the industiT standard ID-I fonuai 
robotics-driven Digital Mass Storage Svstems let vou gain convenient ac 
30 terabytes of stored data. For portable digital recording up to 3.07 
or analog recording (up to 8 channels';, our PC scries is \’our logical soli 
matter what your recording needs, depend on Sony. .A.nd leave nothing 
For more infoimation, call l-SCXf-dTS-SONO'. ext. DAT.\. 


Innovation At Work. 














THE NEW IEEE 

MEMBER GET A MEMBER 

PROGRAM 


Keep your Institute vital and 
contribute to a colleague's professional 
advancement and development. 

By showing your colleagues how to join the IEEE, you'll 
be opening o world of professional and technical benefits 
that non-members simply can't get. Among them: 

♦ A personal subscription to Spectrum and The Institute 

♦ Member discounts on all IEEE publications and products 

♦ Networking with technical experts at IEEE conferences 

♦ IEEE's work in professional activities 

♦ The new IEEE Financial Advantage Program 

You are the IEEE's best advocate - and best recruiter. Take 
part in the IEEE Member-Get-A-Member Program and earn 
the thanks of your colleague and a gift from your Institute. 

Contact IEEE today and we'll rush you 
our Member-Get-A-Member Recruiter Kit 
1-800-678-IEEE (1-800-678-4333) 
or 908-981-0060 

Fax:908-981-9667 • E-mail: member.services@ieee.org • Telex: 833-233 



GETA 

MEMBER 


An liEE member 
we know reported... 

A colleague at work asked me 
vdiy I belong to the IEEE. My 
hrst inclination was to respond, 
"habit, * but her persistence 
made me look deeper. 

As I started to talk about the 
publications, my Society (I'm 
a power engineer), the IEEE 
conferences I've attended, and 
some of the local activities. ..I felt 
myself getting more enthusiastic. 
In my work, I use IEEE standards. 
Thanks to local meetings, I have 
heard people speak to whom 
I would never have had access 
(and even had an opportunity 
to discuss their work and mine). 

I have purchased a few IEEE 
books, refer to my Computer 
Applications in Power magazine, 
and even carry the insurance. 

As I spoke with her, I was 
reminded why I became an 
electrical engineer in the first 
place - and what a large part 
the IEEE has played in my 
professional career. 

So, the next time someone asks 
me why I belong to the IEEE - 
I will say, "I couldn't afford not 
to!" I may have forgotten, but 
I value my IEEE membership: 
it's part of being a professional. 

Do you fool rttot way too? 
Toll a eolloaguo — 
and oxtond an inwtation 
to join the IEEE. 


The Institute of Electrical and Electronics Engineers, Inc. ■ 445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331, USA • Membership is port of being a professional. 







Was This The 
Latest Dance Craze When 
You Last Thought 
About Buying Insurance? 


Face it—it’s 
been a long time. 

A lot has changed. 

And if you haven’t 
updated your 
insurance since the 
days of disco, you 
probably don’t have 

enough coverage. We’re Affordable. 

That’s why you need coverage that can change What good would all these benefits be if 

as quickly as your life does—The Group Insurance no one could afford them? That’s why we offer 
Program for IEEE Members. members the additional benefit of reasonable 


through your 
association is 
designed to grow 
with you—it 
even moves with 
you when you 
change jobs. 


We Understand You. 

Finding an insurance program that’s right for 
you isn’t easy. But as a member of IEEE, you don’t 
have to go through the difficult and time consum¬ 
ing task of looking for the right plans—we’ve 
done that work for you. What’s more, you can be 
sure the program is constantly being evaluated to 
better meet the needs of our members. 

We’re Flexible. 

Updating your insurance doesn’t have 
to be a hassle. With our plans, as your needs 
change, so can your coverage. Insurance 


rates, negotiated using our group purchasing 
power. Call 1800 493-lEEE (4333), or in Washington, 
DC, (202) 457-6820, between 8:30 a.m. and 5:30 
p.m. Eastern Time for more information about 
these plans: 

Term Life • Disability Income Protection 
Comprehensive HealthCare • Excess Major Medical 
In-Hospital • High-Limit Accident 
Long Term Care • Cancer Expense • Small Business 

Group Insurance Program for IEEE Members 

Designed for the way you live today. 

And tomorrow. 





The Effective Superviser’s Handbook, 2nd 
edition. Imundo, Louis V., Amacom, New 
York, 1993,212 pp., $16.95. 


internet Primer for Information Profession¬ 
als. Lane, E., and Summerhill, C., Meckler, 
Westport, Conn., 1993,200 pp., $37.50. 


Data Communications Principles. GitUn, 
Richard D., et al., Plenum Publishing, New 
York, 1992,733 pp., $95. 


Digital Filter Designer’s Handbeok: Featuring 
C Routines. Rorabaugh, C. Britton, McGraw- 
Hill, New York, 1993,332 pp., $49.95. 


The Virtual Library: Visions and Realities. 

Saunders, Laverna, Meckler, Westport, 
Conn., 1993,200 pp., $37.50. 


Computer-Aided Analysis and Design of 
Switch-Mode Pewer Supplies. L«e, Yim-Shu, 
Marcel Dekker, New York, 1993,648 pp., $125. 


Microcontroller Technology, The 68HC11. 

Spasov, Peter, Regents/Prentice Hall, Engle¬ 
wood Cliffs, N.J., 1993,622 pp, $6L33. 


WHEN YOU'RE BURIED IN 
OSCILLOSCOPE DATA, CALL 1-800-621-9240 
AND VU-POINT WILL DIG YOU OUT. 


Japanese/English, English/Japanese: Glos¬ 
sary of Scientific & Technical Terms. Tung, 
Louise Watanabe, John Wiley & Sons, New 
York, 1993,1146 pp., $79.95. 


Collecting data with your digital 
oscilloscope is easy. Managing the data 
and turning it into meaningful results 
is another matter. 

VU-POINT 3 brings order to the 
chaos created by mountains of oscil¬ 
loscope data. Simply put your 
oscilloscope diskette into a PC. 
VU-POINT 3 reads the diskette, 
converting waveforms into useful 
information that can be manipulated 
with a full set of data analysis tools. 


Menus make VU-POINT 3 easy to 
use. The virtual memory manager lets 
you handle up to 64 million samples 
and 99 waveforms simultaneously. 
VU-POINT 3 supports 16-color graph¬ 
ics, super VGA displays, color and 
Postscript printers and imports data 
from any text or binary file. 

If you're buried by information over¬ 
load from your digital oscilloscope, call 
1-800-621-9240 for a brochure or to 
order. VU-POINT 3 will put you on top. 


Electrical Sensors and Transducers. Car- 
stens, James R., Regents/Prentice Hall, 
Englewood Cliffs, N.J, 1993,498 pp, $49. 

A, et aL McGraw-Hill, New Yor^^^a^373 
pp, $29.95. 

Process Control Instrumentation Technology, 
4lh edition. Johnson, Curtis, Regents/ 
Prentice Hall, Englewood Cliffs, N.J., 1993, 
592pp,$60. 




fO-POINT3 


VHF and UHF Antennas. Burberry, R.A., 
Peter Peregrinus/IEE, Piscataway, N.J, 1992, 
301pp,$95. 


Micrnsoft Windows 3.1 Developer’s Work- 


Recent books 


Networking Standards: A Guide to DSI, ISDN, 
LAN and MAN Standards. Stallings, William, 
Addison-Wesley, Reading, Mass., 1993, 672 
pp, $50.50. 

The ILS Manager’s ISA Toolkit: Availability 
Engineering. Biedenbender, Dick, et al., 
McGraw-Hill, New York, 1993,574 pp, $57. 

Sharks Have No Dones: 1001 Things Every¬ 
one Shouid Know About Science. Trefil, 


James, Simon & Schuster, New York, 1993, 
305 pp, $12. 

Teiecommunication Transmission Systems: 
Microwave, Fiber Optic, Mobiie Ceiiular 
Radio, Data, and Digitai Muitiptexing. 

Winch, Robert G., McGraw-HiU, New York, 
1993,540 pp, $70. 

Giobaiization, Technology, and Competition: 
The Fusion of Computers and Telecommuni¬ 
cations in the lOOOS. YAs. Bradley, Stephen 
P, et al.. Harvard Business School Press, 
Boston, 1993,384 pp, $34.95. 


Atmnspheric Remote Sensing by Microwave 
Radiometry. Janssen, Michael, John Wiley 
& Sons, New York, 1993,572 pp, $95. 

Microwave Circuit Theory and Foundations 
of Microwave Metrology. Engen, Glenn F, 
Peter Peregrinus/IEE, Piscataway, N.J, 1992, 
240 pp, $49. 

Handbook of Transformer Design & Applica¬ 
tions, 2nd edition. Flanagan, W., McGraw- 
Hill, New York, 1993,300 pp, $59.50. 

A Guide to Usabiiity: Human Factors in Com¬ 
puting. Preece, Jenny, Addison-Wesley, Read¬ 
ing, Mass, 1993,144 pp, $26.95. 
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The Latest Breakthrough... 



Join the world of undersea technology at the Naval Undersea Warfare Center (NUWC) Division, Newport, formed by the 
merger of the Naval Underwater Systems Center (NUSC) and the Naval Sea Combat Systems Engineering Station (NSCSES). 
Breakthrough technologies like superconductivity, advanced materials, high performance computing, and electro-optics are 
being explored by civilian engineers and scientists to expand the capabilities of our submarines and surface ships. 


Areas of excellence at NUWC include Underwater Acou sties. Hydrodynamics, Signal Processing, Information Managemen t 
and Combat Control, Combat Systems, Unmanned Underwater Vehicles, Submarine Electromagnetics, Quiet Weapon Launch¬ 
ers, Underwater Test Ranges, Warfare Analysis, and Large Scale Numerical Modeling. r. 

For more information about employment opporhmities, contact; Naval Undersea Warfare Center Division, Newpoi^^Gode 
083 (b), Human Resources Office, Newport, RI02841-5047. An equal opportunity employer. U.S. citizenship'required. 



NUWC 

Division, Newport, RI 


Committed to Excellence 



New London, CT 


Norfolk, VA 







Edmund Scientific Co. 

UhA* Dept. 14B1,N940Edscorp Bldg., Barrington, NJ 08007-1380 USA 
WB For Inquiries—By Phone: 1-609-573-6280 By Fax: 1-609-573-6295 

FREE 220 PAGE CATALOG OF OVER 8,000 OPTICAL PRODUCTS 


The Anatomy of Programming Languages. 

Fischer, A, and Grodzinsky, F, Prentice Hall, 
Englewood Cliffs, NJ., 1993,557 pp., $52. 


The Finite Eiement Method in Eiectromag- 

netiCS./in, Jianming, John Wiley & Sons, 


Technical 
Spec Optics 


Open Stock 
Continual Production 


Recent books 

shop. Butler, John, et al., Microsoft Press, 
Redmond, Wash., 1993,336 pp., $34.95. 

The B0386DX Microprocessor: Hardware, 
Software, & Interfacing. Triebei, Walter A., 
Prentice Hall, Englewood Cliffs, N.J., 1992, 
523 pp., $62. 

Engineering Appiications of Correlation and 
Spectral Analysis, 2nd edition. Bendat, 
Julius S., and Piersol, Allan G., John Wiley & 
Sons, New York, 1993,458 pp., $64.95. 


wood Cliffs, N.J., 1993,272 pp, $33.33. 

Very Small Aperture Terminals (VSATs). Ed. 

Everett, John, Peter Peregrinus/IEE, Piscat- 
away, NJ, 1992,543 pp, $119. 

Fundamentals of Fibre Optics in Telecem- 
munication and Sensor Systems. Ed. Pal, 
Bishnu P., John Wiley & Sons, New York, 
1992,778 pp, $39.95. 

Building a Better Mouse Trap: A Program¬ 
mer's Guide to the Mouse. Donovan, Jeffrey 
S., Osbome/McGraw-Hill, New York, 1993, 
525 pp, $39.95. 


Assembly Language Ihtor fer IBM PC & Com¬ 
patibles. Haskell, R.E., Regents/Prentice 
Hall, Englewood Cliffs, N.J, 1993,464 pp, $40. 

Word 5.1 Companion. Cobb, Gena B., et al., 
Microsoft Press, Redmond, Wash, 1993,720 
pp, $29.95. 

Electrostatic Discharge in Electronics. Grea- 
son, William D., John Wiley & Sons, New 
York, 1992,246 pp, $85. 

The Logic of Accidental Nuclear War. Blair, 
Bruce G., Brookings Books, Washington, 
D.C., 1993, 364 pp., $36.95 (hardcover), 
$16.95 (paperbacld. 

Power Electronics Handbook: Components, 
Circuits and Applications. Mazda, EF, But- 
terworth Heinemann, Stoneham, Mass,, 
1993,417 pp, $45. 

Latex Line by Line: Tips and Techniques for 
Document Processing. Diller, Antoni, John 
Wiley & Sons, New York, 1993, 291 pp., 
$27.95. 

Performance Analysis of Data Sharing Envi¬ 
ronments. Dan, Asit, MIT Press, Cambridge, 
Mass, 1992, U8 pp, $25. 

Color and Black & White Television Theory 
and Servicing, 3rd edition. Liff, Alvin A, and 
Wilson, JA., Prentice Hall, Englewood Cliffs, 
N.J,1993,592pp,$50. 

UNIX Security: A Practical Ihtorial . Arnold, 
N. Derek, McGraw-ffiU, New York, 1993,386 
pp, $35 (hardcover), $24.95 (paperback). 

Strategic Buying for the Future: Dpportuni- 
ties for Innovation in Government Electron¬ 
ics System Acquisition. Horowitz, Barry M., 
Libey Publishing, Washington, D.C), 1993,182 
pp, $19.95. 


Systematic Scientific M^x 
Quantity Pricing Jr 
Full Technical Data^ v 


Microsoft Visual C+ + Run-Time Library 
Reference, Covers Version 1 of the Standard 
and Professional Editions. Microsoft Corp., 
Microsoft Press, Redmond, Wash, 1993,704 
pp, $35. 

Vortex Dynamics: Cambridge Monographs 
on Mechanics and Applied Mathematics. 

Saffman, EG., Cambridge University Press, 
New York, 1992,311 pp, $69.95. 

Fundamentals of Programmable Legic Con- 
trollers, Sensors, & Communications. Sten- 
erson, Jon, Regents/Prentice Hall, Engle- 


We designed our expanding matrix of 
lenses, achromats and pisms to ac¬ 
commodate our industrial OEM cus¬ 
tomers and the research community. 
Our ohjedive is to offer the finest 
optical elements available and to meet 
the service requirements of our cus¬ 
tomers. 

We are dedicoted to keeping these 
elements in open stock ond available 
to our customers. These optics are in 
continual produdion and we guaran¬ 
tee long term availability so that they 
are ideal components for produdion 
items. Our inventory commitment to 
these optics is constantly growing and 
oil orders for tech spec optics receive 
top priority. 

■ PCX Lenses 

■ DCX Lenses 

■ PCV Lenses 

■ DCV Lenses 

■ Micro Lenses 

■ Achromatic Lenses 

■ Boll Lenses 

■ Sapphire Windows 

■ Optical Windows 

■ Corner Cube Reflectors 

■ Right Angle Prisms 

■ Pento Prisms 

■ Littrow Prisms 

■ Dove Prisms 

■ Equilateral Prisms 

■ Wedge Prisms 

■ Cube Beam Splitters 


Off-The-Shelf 
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S) Imagine A UNIX Solution That 
g Can Make You A Winner. 


“We selected Digital's Alpha AXP ’ systems as our initial 
development platform for our next generation of computer- 
aided emergency dispatching decision support software. The 
Alpha AXP systems provide BAPSS with the best system 
price/performance. This, combined with a 64-bit hardware 
architecture, fast graphics performance and an industry-leading 
standards-compliant UNIX"’ operating system, resulted in 
our decision to employ Digital's technology." 

David Riffelmacher. President 
Bell Atlantic Public Sector Systems 

“The system installation went very smoothly - no glitches. 
Overall, we would say that Digital has done an outstanding job 
in their 64-bit OSF/T' implementation." 

Jeffrey S. Jalbert. President 
JCC Consulting, Inc. 

k “Digital’s unified UNIX, DEC OSF/1, is emerging as a strong 
I contender in the commercial UNIX market. Oracle ” 7 for Alpha 
I AXP DEC OSF/1 in its very first quarter resulted in revenue 
I significantly higher than Oracle expects for a new product line. 
■A Our results demonstrate the high quality of Oracle 7 and the 
I competitiveness of DEC OSF/1 in the commercial UNIX market." 

Bonnie Crater. Director. Product Management 
Midrange Products Division. Oracle Corporation 

“Over the past three years. Digital has invested a considerable 
amount of money and development effort In UNIX. And today, the 
work they have done has put them in a leadership position 
within the UNIX Operating System Market.” 

Judith Hurwitz. President 
Hurwitz Consulting Group. Inc. 

“We have ported Sybase’s Gain Momentum" product to DEC 
OSF/1 VI .3 and run extensive testing. As a result, we are confident 
that DEC OSF/1 is of such high quality and performance 
that it will prove an excellent addition to the world of commercial, 
mission-critical UNIX computing.” 

Noel Leca. Vice President 
Business Unit Manager for the Gain Multimedia 
Products Group, Sybase, tnd:- 


For more information call Digital’s Alpha AXP 
Fast FAX at 1-800-842-7027 in the U.S. and Canada. 




Recent books 


New York, 1993,442 pp., $69.95. 

Narrowband Land-Mobile Radio Networks. 

Linnartz, Jean-Paul, Artech House, Nor¬ 
wood, Mass., 1993,345 pp., $88. 

Introduction to Electric Circuits and Ma¬ 
chines. Simpson, Colin D., Prentice Hall, 
Englewood Cliffs, N.J., 1992,812 pp., $59.33. 

Security Architecture for Open Distributed 
Systems. Muftk, S., et al, John Wiley & 
Sons, New York, 1993,281 pp., $65. 

Equations of Eternity: Speculations on Con- 


Darling, 

David, Hyperion, New York, 1993,181 pp., 
$19.95. 

Electronics Math, 4th edition. Deem, Bill, 
Regents/Prentice Hall, Englewood Cliffs, 
N.J., 1993,729 pp., $52. 

Practical Electrical Wiring: Residential, 
Farm, and Industrial, 16th editinn. Richter, 
Herbert P., and Schwan, W. Creighton, 
McGraw-Hill, New York, 1993,643 pp., $35. 

Electronic Warfare Receiving Systems. Vac- 


caro, Dennis D., Artech House, Norwood, 
Mass., 1993,319 pp., $88. 

International Telecommunications. Bemt, 
Phyllis, and Weiss, Martin, Sams/Prentice 
Hall, Carmel, Ind., 1993,466 pp., $39.95. 

The REDO Compendium: Reverse Engineer¬ 
ing ter Software Maintenance. Ed. van 

Zuylen, H.J., John Wiley & Sons, New York, 
1993,405 pp., $195. 

Yield and Reliability in Microwave Circuit 
and System Design. Meehan, Michael J9., and 
Purviance, John, Artech House, Norwood, 
Mass., 1993,276 pp., $8L 

Linear System Theory. Msom/, Prentice 

Hall, Englewood Qiffs, N.J, 1993,356 pp, $56. 


Grady, JO., 
McGraw-Hill, New York, 1993, 498 pp., 
$55. 

Rare Earth Doped Fiber Lasers and Ampli¬ 
fiers. Ed. Digonnet, Michel J.F., Marcel 
Dekker, New York, 1993,672 pp, $165. 

The 8051 Microcontroller: Hardware, Soft¬ 
ware and Interfacing. Stewart, James W., 
Regents/Prentice Hall, Englewood Cliffs, 
N.J, 1993,273 pp, $38.67. 


Infroduction to X.400. Betanov, Cemil, 
Artech House, Norwood, Mass, 1993, 388 
pp, $79. 

Properties ef Aluminium Gallium Arsenide. 

Ed. Adachi, Sadao, Institution of Electrical 
Engineers, London, 1993,325 pp, $195. 

68000 Assembly Language Programming 
and Interfacing. Barry, Ambrose, Regents/ 
Prentice Hall, Englewood Cliffs, N.J., 1992, 
377 pp, $57.33. 

Impacf of Science on Society, no. 167: Sci¬ 
ence and the Meeting of IWo Wbrids, Vol. 42, 

no. 3. Unesco, Unesco/Taylor & Francis, 
Bristol, Pa, 1992,288 pp, published quarterly, 
subscription $80. 

Introduction to Electronic Document Man¬ 
agement Systems. Green, William B., Aca¬ 
demic Press, New York, 1993,250 pp, $44.95. 


nology, 2nd edition. Carr, Joseph /., and 
Brown, John M., Regents/Prentice Hall, 
Englewood Cliffs, N.J, 1993,596 pp, $6L33. 

Electronic Devices and Circuits Using 
MICRO-CAP III. Berube, R.H., Merrill/Mac¬ 
millan Publishing, New York, 1993,278 pp, 
$26. 



ENGINEER YOUR FUTURE- 
THE VIP 

As a working engineer, you know the 
importance of furthering your career 
with ongoing technical education. 

Ensure your future and stay competitive 
with the VIP. 

■ Instruction delivered to your workploce 
live vio sotellite broadcast or on videotape 

• University of Massachusetts resident graduate faculty 

• Degree programs: 

M.S. in Electrical and Computer Engineering 
M.S. in Engineering Management 

• Non-degree program 

■ Short courses 


Coll or write: 

VIDEO INSTRUCTIONAL PROGRAM 

College of Engineering 
113 Marcus Hall 
University af Massochusetts 
Amherst, MA 01003 

Phane: (413) 545-0063 FAX: (413) 545-1227 
Internet e-mail address: vip@ecs.umass.edu 

An equal opportunity/affirmative oction institution 


The University of Michigan 
k College of Engineering 
^ Sew Interdisciplinary 

^ Program in Manufacturing 


• Master's of Engineering in Manufacturing 

• Complete in 10-12 months 

• Requires B.S. degree in any engineering 
field 

• Requires industrial experience in 
manufacturing 

• Manufacturing courses across engineering 

• Manufacturing courses in management 
and business 

• Industrially-relevant team project 
experience 


Fall 1994 applications must be received 
by July 1,1994. 

To be considered for financial aid, 
applications must be received by 
February 1,1994. 

For application materials and further 
information, please contact: 

Ms. Henia Kamil, Administrative Assist. 
Program in Manufacturing 
2219 G.G. Brown Building 
University of Michigan 
Ann Arbor, MI 48109-2125 
Tel: C313) 764-3312; Fax: (313) 747-0079 
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The AP PROFESSIONAL ToolKit—We give you the tools, 
the solutions, the references. . . Right at your fingertips. 


Authoring Interactive 
Multimedia 

Arch C. Luther 


Network 

SECURITY 

Steven L. Shaffer 
I and Alan R. Simon 

1993 

$34.95, c. 496 
0-12^5380104 



The Fuzzy Systems Handbook 

A Practitioner’s Guide to 
Building, Using, and 
Maintaining Fuzzy Systems 

Earl Cox 





FRACTALS EVERYWHERE 

SECOND EDITION 

Michael F. Barnsley 


OUT! 


fh 


For the Best Tools for Newton Prograr 

Newton‘s 

Software Development with 

Julie McKeehan and Neil Rhodes 
Certified Newton Instructors from the 
Apple Developer University 

■ April 1994 

Paperback, $29.95, c. 352 pp. 
ISBN: 0-12484800-1 


Available from your local Bookseller 

1-800-321-5068 


















\)fehington watch 


And still some budgets gnw 

Despite loud calls for austerity, Congress 
backed much of the 1994 research program 
requested by the Clinton administration 
before members broke for the winter recess 
in November. 

The National Science Foundation will get 
US $3.0 billion, up 10.7 percent from 1993; 
funding for the National Institute of Stan¬ 
dards and Technology is up 35 percent to 
$520 million; and ±e National Oceanic and 
Atmospheric Administration’s budget rose 
1L9 percent to $226 million. 

The National Aeronautics and Space Ad¬ 
ministration received $92 billion, a gain of 5 
percent, and staved off efforts to kill the space 
station. That will be funded at nearly $2 billion. 

The Department of Energy was not so 
lucky with the superconducting supercol¬ 
lider, which was eliminated by Congress 
despite the Administration’s request for 
$640 million to continue the project. Con¬ 
gress approved other big DOE increases, 
however, notably in the areas of environment 
and renewable energy. 


R&D in the Department of Defense fell 
9 percent to $352 billion in fiscal year 1994 
from $382 billion in fiscal 1993. 


Clean manufacturing initiative funded 

The Pentagon’s Advanced Research Projects 
Agency (ARPA) received $20 milhon from 
Congress to embark on an environmentally 
conscious electronic systems manufacturing 
initiative. The program was spurred by 
industry—notably the Microelectronics and 
Computer Technology Corp. (MCC), Austin, 
Texas—and by the IEEE and other profes¬ 
sional associations. Government grants will 
be competitively bid and cost shared. 

The IEEE, MCC, Sematech, AT&T, and 
DuPont, among others, have also applied for 
a large grant in this area from AREA’S Tech¬ 
nology Reinvestment Project. 


One-Step guide to NIST research 

Wending one’s way through the Federal 
bureaucracy can be daunting: large firms 
have entire offices devoted to facilitating the 


task. With the help of a new “one-step” guide, 
it should now be easier to make sense of 
some 250 research programs imder way at 
the growing National Institute of Standards 
and Technology (NIST). The 116-page guide 
includes sections on the Advanced Technol¬ 
ogy Program and Manufacturing Extension 
Partnerships. 

Free copies are available to anyone send¬ 
ing a self-addressed label to NIST Pubhc 
Affairs, A903 Administration Building, NIST, 
Gaithersburg, MD 20899-0001; fax, 301-926- 
1630; e-mail, telnet gopher.nist.gov (or use 
gopherserverjust.gov with port 70). 


lEEE-USA efforts in full swing 

IEEE-United States Activities (lEEE-USA) 
has been making headway on the information 
superhighway, pensions, and patents. The 
U.S. Department of Commerce has asked 
the tecluiology policy committee of lEEE- 
USA for nominations to fill two of the 15 slots 
for an advisory panel on the National Infor¬ 
mation Infrastructure, the emerging multi- 
(Continued on p. 90F) 


12 BIT, 20 MBPS A/D < $5K 



Gage Applied Sciences Inc., the recognized world leader in ultra-fast 
PC based data acquisition and instrumentation, presents the 
CompuScope family: 

20 MSPS A/D at 12 bit resolution, 65 dB dynamic range 
Up to too MHz A/D rate at 8 bit resoiution 
On-board memory up to 8 megasampies 
FREE GageScope software. Winner of BEST iN TEST 1993 
Multipie cards can provide up to 32 simuitaneous channels 
C, Pascal, BASIC drivers, Windows DLL etc. 

CSLITE 8 bit / 40 MSPS / 16K $595 

CS220 8 bit / 40 MSPS / 256K $1,995 

CS250 8 bit / 100 MSPS / 32K $3,500 

CS1012 12 bit/20 MSPS/512K $4,995 


Time Motion Tools 

A Wassco Company 



Not just another tool catalog, oh no! We feature quality tools, tool kits and 
accessories for the busy field service professional. Choose from our many 
custom tool kits or add any tools to a standard tool kit in order to cus¬ 
tomize it to your specific needs. Save valuable time, effort and money by 
utilizing our knowledgeable and experienced sales staff in selecting 
the proper tool kit to meet all your 
unique requirements. 


TOOL KITS 
• HAND TOOLS 
•TEST EQUIPMENT 
• SHIPPING CONTAINERS 
• VOICE & DATA EQUIPMENT 
• TELECOMMUNICATIONS EQUIPMENT 


FAST TURNAROUND! 

MOST ORDERS SHIPPED SAME DAK FROM OUR 
EXTENSIVE COMPUTERIZED INVENTORY! 


CALL 1-800-567-GAGE Inquire about our D/A cards 


Gage Applied Sciences Inc. 

5465 Vanden Abeele, Montreal, Quebec, Canada H4S 1S1 
From outside North America, call + 1-514-337-6893 
Fax : (514) 337-8411, BBS : (514) 337-4317 


GaGc 


CALL FOR A FREE CATALOG: (800) 779-8170 
12778 Brookprinter Place • Poway • CA 92064 
FAX (619) 679-8118 
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GAMMA... 
A New DAP 
Generation 



Cambridge Parallel Processing’s 
GAMMA series of Deployable 
Massively Parallel Computers 
will be featured on an upcoming 
segment of ComputerWatch. 


Delivering twice the computational 
performance and twice the memory of the 
previous DAP generation in less than half the 
space, the DAP GAMMA series is the fourth 
and newest generation of DAP systems. With 
performance up to 7.5 GFLOPs on 8-bit data 
and 1.1 GFLOPS on 32-bit data, DAP 
GAMMA dramatically expands the capabilities 
of deployable super-performance computers. 
The GAMMA series can operate as a stand¬ 
alone computer or can be attached to 



mmmitch 


The television series 


contemporary workstations or network servers 
manufactured by Sun, HP or DEC. 

For more information please call: 

CA (714) 261-8901 
or fax (714) 724-8399. 

ComputerWatch is a weekly television series 
designed to give first hand information on the 
latest developments, issues and trends in the 
computer marketplace. For more information 
please call: Dale Britte (305) 421-2226. 

All products names are trademarks or registered 
trademarks for their respective owners. 


The GAMMA series can be seen on Compu^rWatch - 
airing this winter on CNBC at 4:00 E.S.T. 














These won't save you time or money*«* 
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' Custoflier Service 

"lES has consistently 
impressed us with 


V- illipiCddCU Ud WiUI 

pf their speed of 
¥' response and strong 
commitment to work 
with us on unique prob¬ 
lems." 


A CAE package that 
provides immediate 
productivity and 
saves prototyping 
dollars is very hard to 
find. With our line of 
fully integrated BEM 
electromagnetic simulation 
software, we can help. 

Each of our packages is 
designed around three basic 
principles: advanced technol¬ 
ogy, productivity and excep¬ 
tional customer service. 


Solutions are obtained 4x faster 
using symmetry conditions. 


Advanced Technology 

"I have analyzed literally hun¬ 
dreds of linear and non-linear 
electromechanical devices 
with lES software. It has 
become an invaluable tool to 
me, as it's so much easier to 
work with than FEM software. 
Unlike FEM, BEM software 
does not necessitate any re¬ 
griding of the problem when 
one medium is being rotated 
or translated with respect to 
another, which results in a 
significant time saving." 

Dr. Kent Davey 

Georgia Institute ofTechnobgy 

Progressive features like our 
automatic/adaptive boundary 


element refinement, relative 
error detection, 3D symmetry 
conditions and a complete 
database manager give you 
the most advanced programs 
available anywhere. 


On-line help, full technical 
support and two complete 
program enhancements each 
year keep you on the cutting 
edge of CAE design and analy¬ 
sis. 


Load a single diskette or tape 
onto your PC or workstation. 
Within one day you will begin 
working on your own prob¬ 
lems. In just a week, even the 
most sophisticated 3D design 
solutions are yours. We give 
you our word. And so have 
our customers. 


Nicholas F. Campagna 

Consultant 


immediate productivity, where 
there is a significant learning 
curve involved in all FEM 
packages." 


Jim Aydelotte 

Magnetic Instrumentation 


Torque vs. position curves for 
optimal motor design are readily 
calculated. 


We have set up sample prob¬ 
lems for you to work through 
along with databases of 
solved problems comparable 
to conventional industry-spe¬ 
cific needs. Shorten the steps 
to your solution with IGES 
geometry translators and 
parametric definitions. 


Use BEM to solve non-linear 
eddy current problems. 


Call today for your 30-day n 
software evaluation. 


(-charge 


"lES BEM programs have con¬ 
sistently outperformed the 
seven FEM packages I have 
evaluated in the past few 
years. The operator interface 
of lES programs allows for 


INTEGRATED 

ENGINEERING SOFTWARE 

TEL: (204) 632-5636 FAX: (204) 633-7780 
e-mail: info@integrated.mb.ca 
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_ Calendar_ 

(Continued /romp. 14) 

International Solid-State Circuits Con¬ 
ference—ISSCC ’94 (SSC, SF Section, et 
aU; Feb. 16-18; San Francisco Marriott, San 
Francisco; Diane S. Suiters, Courtesy Asso¬ 
ciates Inc., 655 15th St., N.W., Suite 300, 
Washington, DC 20005; 202-639-4255; fax, 
202-347-6109. 

Conference on Optical Fiber Commu¬ 
nication—OFC ’94 (COM, LEO); Feb. 
20-25; San Jose Convention Center, San 
Jose, Calif.; lEEE/LEOS, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3893; fax, 908-562-1571. 

Non-Volatile Semiconductor Memory 
Workshop (ED); Feb. 21-23; Hyatt Regency 
Hotel, Monterey, Calif.; Gregory E. Atwood, 
Intel Corp., 2220 Mission College Blvd., MS 
RNB3-01, Santa Clara, CA 95052; 408-765- 
9733; fax, 408-765-9206. 

Symposium on Intelligent Systems In 
Communications and Power (COM, 
PEL); Feb. 21-23; Mayaguez Hilton, 
Mayaguez, P.R.; Hamed Parsiani, Technical 
Program (Chairman, Department of Electri¬ 
cal and Computer Engineering, University of 


Puerto Rico, Mayaguez, PR 00681-5000; 809- 
832-4040, ext. 3653; fax, 809-831-7564. 


MARCH 


Colmnbia Basin Technical Conference 
and Trade Show (Richland Section); March 
7-8; Red Lion Inn, Pasco, Wash.; A. Wayne 
Akerson, General Chairman, Box 1075, Rich¬ 
land, WA 88352; 509-373-1939; fax, 509-373- 
4362. 

Symposium on Computer-Aided Con¬ 
trol Systems Design—CSD (CS); March 
7-9; Tucson Convention Center, Tucson, 
Ariz.; Paul Baltes, Engineering Professional 
Development, Box 9, Harvill Building, Uni¬ 
versity of Arizona, Tucson, AZ 85721; 602- 
621-5104; fax, 602-621-1443. 

Multi-chip Module Conference (ED); 
March 15-18; The Cocoanut Grove, Santa 
Cruz, Calif.; David P. LaPotin, IBM Thomas 

J. Watson Research Center, Box 218, York- 
town Heights, NY 10598; 914-945-2586; fax, 
914-945-4469. 

Networks for Personal Communica¬ 
tions—NPC ’94 (NJ Coast); March 16-18; 
Ocean Place Hilton, Ix)ng Branch, N.J.; Vijay 

K. Varma, Bellcore, 3X-325, 331 Newman 


Springs Rd., Red Bank, NJ 07701-7040; 908- 
758-2811; fax, 908-758-4371. 

20th Northeast Bioengineering Con¬ 
ference (EMB); March 17-18; Western New 
England College, Springfield, Mass.; James V. 
Masi, Department of Electrical Engineering, 
Western New England College, Springfield, 
MA 01119; 413-782-1344; fax, 413-782-1746. 

International Conference on Expert 
Systems for Development (C); March 
18-21; Asian Institute of Technology, 
Bangkok, Thailand; IEEE Computer Soci¬ 
ety, Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, DC 20036- 
1992; 202-371-1013; fax, 202-728-0884. 

International Conference on Micro¬ 
electronic Test Structures (ED); March 
22-24; Catamaran Resort Hotel, San Diego, 
Calif.; Sandra Grawet, All About Meetings 
Inc., 2301 Artesia Blvd., Suite 12-101, 
Redondo Beach, CA 90278; 310-371-3438; 
fax, 310-371-1567. 

Symposium on Electromagnetic Com¬ 
patibility (SCV/EMCC); March 28-29; 
Santa Clara Convention Center, Santa Clara, 
Calif.; David M. Hanttula, 26787 Robleda 
Court, Los Altos Hills, CA 94022; 415-656- 
1661; fax, 415-683-0903. 


Grounding, EMF and EMI 
Software & Services 

From the leading 
international R&D experts, 

Simply 

• Freque^ and time dtMnaio 
groimdiag analysis in multilayered 
soils with multiple electrodes subject 
to l^rid energization at various 
points. Arbitrary networks consisting 
of bare, coated, solid or hollow conductors and pipelines can be modelled. 
Ideal for catbo& protection & anode bed desigm. 



> Transient and fnquency domain eiectronuKiietic field analysis of ovnhead 
and buried arbitrary networks of energized conductors. Omqwte electric 
fields, magnetic fields, scalar and vector potentials and current flows. 


• Mt current distribution and dectnmiagnettc interfiirence in multiphase 
unbalanced networks, including skywires, neutral wires, buried and 
aboveground pipelines and telecommunication circuits. Each tower 
ground can be modelled individually. 

• Overhead and buried transmission line and cable parameters in multilayered 
soils. Include, simultaneously, pipe-type cables with dieaths, armours and a 
variety of coated pipelines. 


,™.~ ___ ... j ___r. Our powerful 

and affimUrU software (CDEGS^, MultiGround”, MsdtiFklds™, AutoGroun/^) 
arei&ignedtomeelavarielyrfeminmmentsandneedsandrunonPCs, 
workstations and mauftame con^nuers. Engineering, training updates and 




Soft Engineering Services £ technologies ltd. 

1544 Viel, Montreal. Quebec, Canada, H3M 1G4 
l-«l*-6t*-3737 (USjA t Canada) 

Ihl.: (514) 334-2511 Fax: (514) 33«-t144 



Circuit Simulation 


AC, Ijd,Tran »@nt, Distortion, Fetin' 
Pole-?ero, and Temperature Analyi 
Booiean Logic Expressions 
Data Dispiay and Post Processing 


i For It^orrnation 
and Your Free 
DemonstratjohJdt 


Call, Fax, or 

intusoft 

Intusoft I 

P.O. Box 710 
San Pedro, CA ,, 
90733-0710 i 
Tel. (310) 833-0710 
FAX (310) 833-9658 
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Transactions from 
Japan covering 

Electronics, Communications, Computer Sciences 

Published by The Institute of Electronics, 

Information and Communication Engineeis (lEICE) 


lEICE 

TRANSACTIONS 

on Fundamentals of Electronic! 

Communications 

and Computer Sciences 




Facts about lEICE: 

Largest Japanese professional society 
in engineering with 39,000 members. 

Established in 1917. 

12 monthly publications; 1 Journal, 7 
Japanese Transactions, and 4 English 
Transactions. 

Sponsors/Co-sponsors many 
international conferences; 
eg. ISS’92, Networks '92, OEC'92, 
Globecom'87, ICASSP '86, 

ISCAS’85. 


tSaRjsactiqnb 





lEICE 


TRANSACTIONS 






lEICE lyansactions are the English publications of lEICE, 

featuring Original scientific and technical papers 
Tutorials and invited papers 
Special Issues/Sections on hot topics 

Over 5000 pages of valuable information printed in 4 volumes. 

Vol. A: lEICE Transactions on Fundamentals of Electronics, Communications and 

Computer Sciences 

Vol.B: lEICE Transactions on Communications 

Vol.C; lEICE Transactions on Electronics 

Vol.D: lEICE Transactions on Information and Systems 

For subscription or for further information, contact Maruzen 

Maruzen Co., International Div., Export Dept., P.O. Box 5050 Tokyo International 100-31 Japan 

Annual Subscription Fee 

For each volume (12 issues) $100 / For all 4 volumes (48 issues) $360 Circle No. 1 



























Calendar 

(Continued from p. 15) 

Sixth International Conference on 
Indium Phosphide and Related Mate¬ 
rials—IPRM (ED, LEO); March 28-31; Red 
Lion Resort, Santa Barbara, Calif.; Susan 
Evans, lEEE/LEOS, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3896; fax, 908-562-157L 

National Radar Conference (AES, 
Atlanta Section); March 29-31; Holiday Inn 
Crowne Plaza Ravinia, Atlanta, Ga.; Robert 
N. Trebits, Georgia Tech Research Institute, 
7220 Richardson Rd., Smyrna, GA 30080; 
404-528-7769; fax, 404-528-7883. 

Southcon ’94 (Region 3, Florida Council); 
March 29-31; Orange Country Conven¬ 
tion/Civic Center, Orlando, Fla.; JoAnn Lind- 
berg, ECM, 8110 Airport Blvd., Los Angeles, 
CA 90045; 800-877-2668; fax, 310-641-5117. 


APRIL 


Second International Conference on 
Ultra-Wideband, Short-Pulse Electro¬ 
magnetics (MTT); April 5-7; Weber 
Research Institute, Polytechnic University, 
Brooklyn, N.Y.; Lawrence Carin,, Polytechnic 
University, 333 Jay St., Brooklyn, NY; 718- 
260-3600; fax, 718-260-3136. 

Southeastcon ’94 (Region 3, et al.); April 
10-13; Hyatt Regency Hotel, Miami, Fla.; 
Osama A. Mohammed, Department of Elec¬ 
trical Engineering, Florida International Uni¬ 
versity, University Park Campus, Miami, FL 
33199; 305-348-3040; fax, 305-348-3707. 

Transmission and Distributed Confer¬ 
ence and Exhibition (PE, Chicago Sec¬ 
tion); April 10-15; McCormick Place, 
Chicago; John J. Viera, Commonwealth Edi¬ 
son, Box 767, Chicago, IL 60690; 312-294- 
3333. 

International Reliability Physics Sym¬ 
posium (ED, R); April 11-14; Fairmont 
Hotel, San Jose, Calif.; Ajit Goel, Oneida 
Research Service, 540 Weddell Dr., Suite 7 , 
Sunnyvale, CA 94089; 408-734-2982. 

Third Maghrebian Conference on Soft¬ 
ware Engineering and Artificial Intelli¬ 
gence (C); April 11-14; Hyatt Regency Hotel, 
Rabat-Agdal, Morocco; IEEE Computer 
Society, Conference Department, 1730 Mass¬ 
achusetts Ave., N.W., Washington, DC 20036- 
1992; 202-371-1013; fax, 202-728-0884. 

Position, Location and Navigation Sym¬ 
posium—Plans ’94 (AES); April 11-15; 
Bally’s Hotel, Las Vegas, Nev.; Michael Had- 
field, 12449 84th Way N., Largo, FL 34643; 
813-531-5715. 


International Symposium on Speech, 
Image Processing and Neural Net¬ 
works (SP, Hong Kong Section); April 14-16; 
Hong Kong Convention and Exhibition Cen¬ 
tre, Hong Kong; Chorkin Chan, Department 
of CS, University of Hong Kong, Hong Kong; 
(8-^52) 859 7075; fax, (8-^52) 559 8447; e-mail, 
cchan@csd.hkuJik. 

International Conference on Require¬ 
ments Engineering (C); April 18-22; 
Broadmoor Hotel, Colorado Springs, Colo.; 
IEEE Computer Society, Conference Depart¬ 
ment, 1730 Massachusetts Ave., N.W., Wash¬ 
ington, DC 20036-1992; 202-371-1013. 

International Conference on Acoustics, 
Speech and Signal Processing (SP); April 
19-22; Adelaide Convention Center, Ade¬ 
laide, South Australia; Phil Plevin, Plevin & 
Associates Pty, Box 54, Burnside 5066, South 
Austraha; (61-^8) 379 8222; fax, (61-1-8) 379 
8177. 

Southwest Symposium on Image Analy¬ 
sis and Interpretation (SP, Dallas Section); 
April 21-22; Grand Kempinski Hotel, Dal¬ 
las, Texas; Alireza Khotanzad, Southern 
Methodist University; 214-768-3101; fax, 214- 
768-3883; e-mail, kha@seas,smu.edu; or 
Nasser Kehtarnavaz, Texas A&M Univer¬ 
sity; 409-845-8371; fax, 409-845-6259; e-mail, 
kehtar@ee.tamu.edu. 

Rural Electric Power Conference (lA); 
April 24-26; Sheraton Colorado Springs 
Hotel, Colorado; Donald E. Werner, Omaha 
Public Power District, 444 South 16th St., 
MaU, Omaha, NE 68102-2247; 402-636-2585. 

International Workshop on Computer- 
Aided Modeling, Analysis, and Design 
of Communication Links and Net¬ 
works—Camad ’94 (COM); April 24-27; 
Princeton Marriott Hotel, Princeton, N.J.; 
Benjamin Melamed, NEC USA Inc., 4 Inde¬ 
pendence Way, Princeton, NJ 08540; 609- 
951-2450; fax, 609-951-2499. 

ACM Conference on Human Factors in 
Computer Systems (C); April 24-28; 
Hynes Convention Center, Boston; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washington, 
DC 20036-1992; 202-371-1013; fax, 202-728- 
0884. 

VLSI Test Symposium (C, Philadelphia 
Section); April 25-28; Cherry Hill Hyatt 
Hotel, Cherry Hill, N.J.; Prab Varma, Cross- 
Check Technology, 2833 Junction Ave., San 
Jose, CA 95134; 408-432-9200; fax, 408-432- 
0907; e-mail, prab@crosscheck.com. 

44th Electronic Components and Tech¬ 
nology Conference—ECTC ’94 (CHMT); 
April 30-May 5; Washington Hilton Hotel, 
(Continued on p. 84) 


Investigate 
a New Approach 
to Scientific 
Data Analysis 



Use Analysis Adyisof 

A nalysis Advisor is a free inter¬ 
active analysis software tutorial 
that includes demonstrations of 
graphical and traditional programming 
methodologies for analysis. Using this 
interactive tutorial, you can investigate; 


Windowing 
Curve fitting 
Signal averaging 
Simulation 
Interpolation 
Descriptive statistics 
Speed benchmarks 

Analysis Advisor requires Windows 3.1 and 8 MB of memory. 

Call for FREE Analysis Advisor Software 


(800) 433'3488 |U,S. ortd Conoda) 


^ NATIONAL 




6504 Bridge Point Parkway 
Austin, TX7873a5039 
Tel: (5121794-0100 
95(8001010 0793 (Mexia 
Fax: (512)794-8411 


AUSTRAUA 03 879 9422 • AUSHtlA 0662 43S9B6 
BELGIUM 02 757 00 20 • CANADA 519 622 9310 
DENMARK 45 76 26 00 • FINLAND 90 527 2321 
E I 48 65 33 70 • GERAIANT 089 714 50 93 
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jfacturers 


Memory; 


. All product i 
Trademarks c 


d by respective 
respective holds 


Model 

Chip 

I Clock(MHz) 
Memory 
Mflops 
I IKFF(usec) 

$/Mflop 


I ALACRON 

Sonitech 

Ariel 

Spectrum | 

F200/2-AT F2CX)-AT AL860-AT 

Duali860XP i860XP i860XR 

50 50 40 

2MB(d) 2MB(d) 2MB(d) 

200 100 80 

320 547 730 

$56 $83 $84 

SP30-ISA-256 

TMS320C30 

33 

256KB(s) 

33 

2900 

$88 I 

DSP96D 

M96002 

33 

64KB(s),lMB(d) 

50 

1100 

1 $94 

600-01515 1 

TMS320C40 I 
40 1 

640KB(s) 1 
40 1 

1925 1 

$182 1 


ALACRON i860 Beats the DSP Competition Hands D( 
Prices Starting Under $3500 


ALACRON boards are supported by a complete software development environ¬ 
ment including DSP library routines capable of executing a 1K complex FFT in 
under 300 microseconds on the FT200 series dual i860. 

ALACRON A\/\SA and VME boards are compatible with ALACRON's LamWy of 
expansion daughter boards implementing: SCSI, digital input, DT-Connect, ITI 
VISIONbus, high-res display, and memory expansion. 


kLACRON 


Suite 204, 71 Spitbrook Rd., Nashua, NH 03060 
Phone: (603) 891-2750 • Fax: (603) 891-2745 
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Commentar y 


Reengineering 

government 

processes 


(Editor’s note: In this guest editorial, James 
Abrahamson, chairman of the board of Ora¬ 
cle Corp. and a retired U.S. Air Force lieu¬ 
tenant general, discusses the role of the aero¬ 
space and defense industries in today’s 
“electronic commerce." The opinions expressed 
are the author's alone and not necessarily the 
positions or policies of the IEEE.) 


he aerospace and defense 
industry of the United States 
and the Free World provided 
the corporate muscle, indus¬ 
trial means, and much of the 
intellect to defeat the most dangerous threat 
that mankind has ever faced. The basic struc¬ 
ture and operating methods that broke the 
Soviet Union are worth reemphasizing. Allied 
governments and their military analyzed the 
threat and conceived counterforces to deter 
or defeat the adversary. In this critical phase, 
je executed studies combined with research 
that were mostly funded through small con¬ 
tracts or industry investment. Then we mar¬ 
shaled selected contractors and focused them 
on single weapon systems. 

Because great sums of public monies as 
well as national security were involved, we 
established elaborate specifications and pro¬ 
cedures to ensure fairness, honesty, quality, 
and performance. This required formidable 
human checks and balances, training, and 
documentation—mostly on paper—and pro¬ 
duced the most capable and impressive mil¬ 
itary system ever. 

But that era is mostly gone, a structure for 
yesterday, not tomorrow. In the United States 
alone, the defense industry that made such a 
valuable contribution to this incredible victory 
has lost about one-third of its jobs in the last 
five years and faces uncertain missions and 
savaged budgets. Yet threats remain, and our 
military forces need advanced technologies to 
protect us. 

While each aerospace or defense company 
has its own strategy to deal with these chang¬ 
ing times, they share a theme consistent with 
today’s civil industry: reengineering pro¬ 
cesses, cutting costs, becoming more com¬ 
petitive and focused. The key element is how 
people work together and how they utilize 
one of the most valued assets of any human 
endeavor: information. 


Amid the convergence of computers, 
advanced telecommunications, and highly 
capable software, nondefense industries have 
begun to group opportunities for new pro¬ 
cesses under the title “electronic commerce.” 
Fortunately, the U.S. Department of Defense 
(DOD), the defense ministries of several 
allied nations, and the North Atlantic Treaty 
Organization (NATO) are following suit with 
Continuous Acquisition and Life-cycle Sup¬ 
port (CALS). Started in 1986, it has matured 
into a major effort to convert that govern¬ 
ment legacy—paper-based plans, engineer¬ 
ing data, and manuals—into electronic form 
and to streamline and transform acquisition 
and logistics activities. 

Realizing that it must switch from military 
to civil specifications and procedures, DOD 
has asked that the National Securities Indus¬ 
try Association sponsor a separate, dedicated 
CALS Industry Steering Group. It comprises 
several thousand volunteers and several hun¬ 
dred companies. 

They are organized like a corporation with 
divisions developing standards, studying 
processes, rewriting government procure¬ 
ment regulations and guidelines, and edu¬ 
cating others with evangelistic fervor. Fur¬ 
ther, the movement has become a strong 
international force, with CALS groups in 
Europe, Canada, and the Pacific Rim. 

How might a future CALS environment 
affect the structure and style of doing things 
in the aerospace and defense industry? Imag¬ 
ine this scenario: 

A government industrial and procurement 
structure is in place so that in Richmond, Va., 
at the Defense Supply Center there, a logistics 
manager has at her fingertips for display on 
her computer screen the global inventory 
of rotor head parts for the UH-60 Blackhawk 
helicopter. Instead of analyzing annual usage 
and logistic support requirements and then 
procuring a year’s supply of parts, she has an 
active projection that takes into account fail¬ 
ures, wear-out rates, and war-readiness 
reserves. 

With this tool, connected directly to every 
Blackhawk base around the world and con¬ 
tinually projecting short-term needs, she 
need not wait for a single large buy and its 
complex bidding process. Instead, she can 
electronically notify a group of companies 
that have already demonstrated that they 
have fully automated production and can 
meet quality requirements. She electroni¬ 
cally transmits production setup information 
and the number of parts needed. The com¬ 
panies respond electronically with low, “nearly 
commercial” prices because the minimal 
interruption occasioned by this small job is 
readily accommodated by the high-volume 


commercial manufacturing they already have 
under way. She selects the low bidder and 
allows a one-week delivery adjustment to fit 
its nearly 24-hour manufacturing schedule. 
The vendor automatically transforms the 
set-up data into automated instructions to 
machinery on how to cast, cut, and polish. 

As work is finished, quality data and test 
certification are automatically transmitted to 
the logistics manager to become part of that 
company’s permanent record. If the logistics 
manager is satisfied with the buy and manu¬ 
facturing data, she touches an “accept and 
pay” icon on her screen. The action auto¬ 
matically pays the company and provides 
direct shipping instructions. 

This scenario is nearly a reality. The Rich¬ 
mond center has converted much of its paper 
data into electronic form and demonstrated 
the ability to transmit and describe helicopter 
rotor head parts and conduct some electronic 
commerce. Even more striking, when cou¬ 
pled with some of the Clinton administration’s 
defense initiatives, this capability has rein¬ 
vigorated the Richmond center and created 
an incredibly entrepreneurial spirit there, 
along with significant savings to taxpayers. 

Notice that this scenario has no on-site or 
roving cadre of government inspectors or 
elaborate certification of the company’s finan¬ 
cial system. And the companies have been 
pleased to participate in even a tiny govern¬ 
ment contract because it parallels their civil¬ 
ian core business and minimally interrupts 
normal production, and because the govern¬ 
ment pays the bill instantly and electronically. 

The idea that government project man¬ 
agers could pay bills directly is not so radical. 
Who can more responsibly judge and admin¬ 
ister payment than the individuals in charge 
of any project? In fact, process changes and 
cost savings that may be available in the era 
of electronic commerce could be outstand¬ 
ing. Improvements also are possible in small- 
business contracting, research and develop¬ 
ment, large acquisitions, and the daily 
administration of large contractors. 

Fundamental change is coming in manu¬ 
facturing industries, and the aerospace and 
defense industry must not be left out. Free 
nations cannot afford to have their vital 
industries left behind because of difficult 
changes as we adapt our security system to 
a different, but still dangerous and uncer¬ 
tain world. 


James A. Abrahamson 

James A. Abrahamson is chairman of CALS Indus¬ 
try Steering Group. He is a former director of the 
Strategic Defense Initiative Organization and former 
Associate Administrator of NASA. 
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□ Telecommunications 

□ Data communications 

□ Consumer electronics 

□ PCs and workstations 

□ Software engineering 

□ Appiication software 

□ Large computers 

□ Solid state 

□ Test and measurement 

□ Power and energy 

□ Transportation 

□ Aerospace and miiitary 

□ Medical electronics 

□ Industriai eiectronics 

□ Speciaities 


Trudy E. Bell Issue Editor 


N o matter what the field, the theme 
underlying much technical develop¬ 
ment last year and this is almost an 
oxymoron: an intertwining of competitive¬ 
ness and compatibility. While companies 
want their high-tech products to edge out the 
competition, they are realistic enough to 
realize that this is the age of multivendor sys¬ 
tems. Thus, to ensure their own survival, 
they are designing hardvrare and software to 
work with everyone else’s. 

For example, the long-anticipated merger 
of PCs and workstations became a reality as 
reduced-instruction-set computing (RISC) 
chips became central processors in both types 
of systems. Microsoft’s new release, Windows 
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NT, will nm on the PowerPC developed by 
Apple, IBM, and Motorola, on MIPS R4000 
processors, on Sun UltraSparc workstations, 
on Intel-based PCs and clones, and on the 
Alpha processor from Digital Equipment. 

An even stronger example of compatible 
competition is multimedia, where numerous 
competing developers of computer hardware 
and software agreed to support the periph¬ 
eral component interconnect (PCD local bus. 

For high-end computing, open client- 
server systems is the name of the game. Last 
year IBM redefined both its mainframe and 
midrange offerings as superfast, large-scale 
file servers for, say, workstations linked in 
local-area networks. The cross-platform 
capability of the operating systems has cre¬ 
ated a veritable groundswell in the develop¬ 
ment of Windows NT application software. 

In test and measurement, a new industry 
alliance was formed dedicated to increasing 
ease of use for multivendor VXI systems 
users. Meanwhile, in consumer electronics, 
nine organizations formed a Grand Alliance 
to develop a digital standard for high-defini¬ 
tion television (HDTV). 

In medical electronics, the European 
Commission issued a directive to enable 
companies in the European Union (formerly 
Community) to have barrier-free home mar¬ 
kets to reduce unit costs. Manufacturers in 
other nations will have to meet European 
Union standards to sell equipment in Europe. 

In industrial electronics, industry leaders 
are standardizing the way products are mod¬ 
eled in software, allowing organizations with 
different computers and application software 
to exchange product data—a boost to trans¬ 
national concurrent engineering. 

The trend in data communications is 
toward the interactive convergence of data, 
audio, and video—and of both consumer and 
business networks. In telecommunications, 
the trend is toward the commercialization of 
an optical-fiber superhighway with distrib¬ 
uted optical amplification. In both, wireless 
applications are a bold new frontier. 

In power and energy in the United States, 
electric utilities are facing a fundamental 
transition as a result of the sweeping Energy 
Policy Act of 1992: they have to grant all gen¬ 
erators—most of which are unregulated— 
access to the transmission network, while 
still keeping the system integrated. 

Meanwhile, productivity was a key theme 
in solid-state technology, where computer- 
integrated manufacturing systems are ex¬ 
pected to improve the quality and yield of 
semiconductors. Also, multichip modules have 
proven themselves commercMy feasible. 

In software engineering, the term CASE 
has fallen from grace for its failure to be the 
panacea for low software productivity. Func¬ 
tion points have replaced older methods of 
measuring productivity as a result of new 
programming techniques. 

In transportation, flywheel-based electro¬ 
mechanical batteries emerged as a strong 
alternative to electrochemical batteries for 
electric vehicles. Several intelligent vehicle- 
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highway systems finished successful field 
tests. And Motorola announced the first sin¬ 
gle-chip multiplexed system and serial bus to 
reduce the wiring in automobiles. 

For civilian and military aerospace, people 


are hoping 1994will be better than 1993. Five 
major spacecraft were lost in space. On the 
plus side, the launch of the one-third-scale 
DC-X [see cover] demonstrated the potential 
for a single-stage-to-orbit vehicle. As to the 


military, the space-based Strategic Defense 
Initiative (SDI or Star Wars) program offi¬ 
cially ended after 10 years and US $30 billion, 
and the SDI Office became the Ballistic Mis¬ 
sile Defense Office. ♦ 


THE MEDIA EVENT 


“Donahue." “Hard Copy.” “Nightline.” “The 
Simpsons.” “Doonesbury.” The New York 
Times. Local newspapers. In 1993 they all 
discovered virtual reality and told the world. 
Virtual reality—and its ability to immerse 
users in interactive three-dimensional 
worlds—was presented as amazing and 
miraculous, boA a salvation and a danger. 

“You can actually interact with another 
person in virtual reality, you can make love to 
the other person,” said Phil Donahue in a 
broadcast last May. 

“Virtual reality will be the sex toy of the 
coming century,” stated Joan Stavely, identi¬ 
fied as a virtual reality expert, on the syndi¬ 
cated television show “Hard Copy.” 

“Will virtual reality transport millions of us 
into an addictive world of make-believe?” 
asked Ted Koppel on ABC’s “Nightline.” 

And the higWy publicized ABC miniseries 
‘Wild Palms” purported to portray Los Ange¬ 
les in the year 2007, where a politically ambi¬ 
tious television network is broadcasting vir¬ 
tual reality (VR) as interactive holograms, 
with disastrous consequences. 

Meanwhile, on the cartoon show “The 
Simpsons,” character Lisa envisioned her 
town spending US $3 million to improve edu¬ 
cation through virtual reality. In history class, 
Lisa foresaw herself putting on a helmet and 
joining the Mongol horde of Genghis Khan. 

For researchers developing useful appli¬ 
cations of virtual reality—like architectural 
walkthroughs, automotive design, aircraft 
maintenance simulation, acrophobia therapy, 
and molecular modeling of pharmaceuti¬ 
cals—this media attention was both a boon 
and an embarrassment. 

On the plus side, said Thomas A. DeFanti, 


director of the Software Technologies Re¬ 
search Center and codirector of the Elec¬ 
tronic Visualization Laboratory at the Uni¬ 
versity of Illinois at Chicago, “virtual reality 
is getting into people’s consciousness. Peo¬ 
ple are now taltog about funding virtual real¬ 
ity in a way they never talked about funding 
visualization, and that’s exciting.” 

Overall, Jaron Lanier, a pioneer of virtual 
reality who is now pursuing research in its 
application to medicine and to programming 
environments, said, “The press has helped us. 
In a time of shrinking funds, when all science 
is competing for funding, there is an element 
of marketing involved.” 

Said Myron Krueger, another pioneer in 
the field who is now president of Artificial 
Reality Corp., Vernon, Conn., “Virtual real¬ 
ity would not exist as a field without the 
relentless attention of the press.” However, 
he is concerned that the media, by portray¬ 
ing the most sophisticated, far-out applica¬ 
tions of virtual reality, is setting the 
researchers up for a fall. Compared to the 
media’s version, he told IEEE Spectrum, “the 
technology itself is disappointing when you 
see it.” 

The focus on sex is unfortunate, and hypo¬ 
thetically could impact funding, DeFanti said. 
In fact, virtual re^ty is more involved with 
advanced mathematics, portraying concepts 
from non-Euclidean geometry, say. 

One effect of the media attention has been 
a broadening of the definition of virtual real¬ 
ity. Initially used only for systems with hel¬ 
met displays and control gloves that fully 
immersed users in interactive worlds, the 
term is now used to describe everything 
from augmented reality (looking through a 
display at the real world but with some com¬ 
puter information superimposed on it) to 
telepresence (remotely controlling a robotic 


device) to three-dimensional movies. Indeed, 
William Bricken, principal scientist at the 
Human Interface Technology Laboratory at 
the University of Washington, Seattle, told 
Spectrum, “It has become common on the 
street for people to equate virtual reality with 
computer graphics in general. They had no 
word for those flying logos. Now they call 
them virtual reality.” 

This concerns Bricken. “Partial application 
of a paradigm undermines the paradigm,” he 
said. ‘The more flying logos and virtual real¬ 
ity are confused, the less people will under¬ 
stand what virtual reality is all about.” 

Lanier, who coined the term virtual real¬ 
ity, told Spectrum that the reason he liked the 
term was that “I recognized that it had some 
popular mojo and I felt that was a good thing.” 

“It is inevitable that the meaning of terms 
goes through periods of being more specific 
and more general,” he said, “though I have 
seen some particularly egregious uses of it— 
like to refer to a spreadsheet.” 

Perhaps the virtual reality video game is 
the version being e3q)erienced by most people, 
though it usually offers limited immersion or 
interaction. A number of arcades around the 
world have installed virtual reality systems. 

Virtual reality in the arcade down the 
street, on popular television, and in all the 
newspapers is a natural extension of a field 
that has been exciting researchers for years. 
But, said the University of Washington’s 
Bricken, it means that “virtual reality [for the 
research pioneer] is dead. It is no longer the 
subject of interesting, groundbreaking, star¬ 
tling, philosophical debate. It was all that, but 
[it] has now turned into just another engi¬ 
neering job. The pioneers are moving on to 
study human interaction and experience 
within the virtual domain.” 

—Tekla S. Perry, Senior Editor 
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review of the U.S. tele¬ 
communications indus¬ 
try’s last decade indicated 
that the 1984 Bell System 
breakup had completely 
the wrong rationale. In 
Europe, the state-owned 
telecommunications 


privately owned companies by Jan. 1,1998. 

And around the globe, but especially in Asia, 
cellular and wireless personal communica¬ 
tions services expanded. 

On the purely technological front, optical 
fiber dazzled. “Dark fiber”—fiber installed 
without electronic amplifiers—^began being 
laid in Europe and the United States as the 
first stage in a data superhighway. Solitons 
also made it into the real world, when the 
first long-distance optical-fiber system to be 
based on these virtually incorruptible light 
pulses began operation. 

A BELL TOLLS. Jan. 1,1994, marked the 10th 
anniversary of the breakup of the Bell Sys¬ 
tem into the present-day AT&T Co. (which 
offers long-distance services and is free to 
enter the unregulated computer and infor¬ 
mation-technology markets) and the seven 
regional “Baby Bell” holding companies 
(which offer regulated local services and 
were initially barred from manufacturing and 
marketing information-technology services, 
and from offering most forms of long-dis¬ 
tance service). The theory behind the 1984 
divestiture was that low-volume, local ex¬ 
change service was a natural monopoly and 
that high-volume, long-distance service was 
naturally competitive [“The Decision iffniff /PUTC 
to Divest: Incredible or Inevitable?,” "*OnLIUniO 


obligation—namely, to review every three 
years the continued necessity for restrict¬ 
ing the Bell operating companies’ lines of 
business. 

‘The once monolithic Bell network, with a 
simple vertical ladder of nodes (telephones, 
local exchanges, long-distance exchanges) 
and connections between them (typically 
over metal wires and microwave links), is giv¬ 
ing way to a network of networks," with 
equipment and transmission media supplied 
by scores of manufacturers, Huber and his 
colleagues noted. 

Most investment today is in the hardware 
and software at the periphery, not in one net¬ 
work provider’s central office. As a result, 
“a market once dominated by centralized 
supply is now controlled by dispersed 
demand,” with common standards produced 
through competition in the international 
marketplace. Huber and colleagues pre¬ 
dicted that “within a decade at most, and 
more likely five years or so, the divestiture 
decree will have to be abandoned.” 

DOWN WITH MONOPOLIES. In the next four 
years, a score of national public telecommu¬ 
nications operators (PTOs) are likely to con¬ 
vert from state-owned monopolies to mar¬ 
ket-driven privately owned corporations. A 
decade ago, most of western Europe’s PTOs 
were effectively government departments, 
generally grouped with postal services into a 
single state communications utility. Now, 
most are no longer associated with postal 
services. Moreover, on June 16, the Euro¬ 
pean Union (formerly Community) agreed 
that by Jan. 1,1998, existing nationally owned 


gium (Belgacom), Finland (Telecom Finland), 
France (Telecom France), Ireland (Telecom 
Eireann), and Sweden (Televerket) have 
either already been given the status of cor¬ 
porations (albeit state-owned ones), or soon 
will be. Amendments to the German consti¬ 
tution are being introduced in the German 
legislature, with a first stake in Deutsche 
Telekom to be offered in 1996. The PTOs of 
Denmark (Tele Danmark), Greece (OTE), 
Holland (KPN), Italy (Stet), Portugal (TLP), 
Spain (Telefonica), and Turkey (PTT Turkey) 
have also taken steps toward privatization. 

In many cases, this haste recognizes that 
competition already exists in the PTOs’ 
home markets. Almost all the European 
Union nations have cellular mobile services 
competing head-to-head with the PTOs. 
Whereas the first generation of analog cel¬ 
lular services were provided by the PTOs 
themselves, the licenses for the new digital 
services built to the pan-European standard 
GSM (Groupe Special Mobile) have in most 
nations been granted to two operators: usu¬ 
ally the PTO and one private consortium, 
which often includes overseas companies. 
(This is also true of Eastern Europe—see 
table, opposite page.) 

The Union plans to publish a Green 
Paper—a proposal to be mulled over by the 
European parliament—by the end of this 
year, examining what the new European 
telecommunications infrastructure, cable 
television networks, and wireless telephony 
included, should look like. 

ASIA GOES MOBILE. Mobile communications 
have grown fastest where few phones went 
before: in Eastern Europe and Asia. 
Instead of digging up roads and laying 


IEEE Spectrum, November 1985, | EurOlieail fC/eCOffl aUtltOfltleS gOltig gflVatB 


pp. 46-551. 

“But it is now clear that the 
assumption was wrong,” declared 
Peter W. Huber, Michael K. Kellogg, 
and John Thome in The Geodesic Net¬ 
work II: 1993 Report on Competition in the 
Telephone Industry, a comprehensive report 
issued for the divestiture’s 10th birthday. “In 
fact, it was worse than wrong: the architects 
of the Bell divestiture got it backwards. If 
there is going to be a monopoly, it will be in 
the long-distance market. The local ex¬ 
change should be—and soon will be—com¬ 
petitive.” 

The report is a sequel to 1987’s The Geo¬ 
desic Network, which the U.S. Department of 
Justice published as part of a post-divestiture 
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Wireless systems burgeon In Asia 
Fiber amps bit tbe marketplace 
Cable TV marries wireless telephony 

voice telephony operators would be exposed 
to competition in their home markets. 

The 1998 deadline applied to eight out of 
the 12 Union countries; Greece, Ireland, Por¬ 
tugal, and Spain were given an extra five 
years’ grace period because they were 
judged to have less developed networks. 
Nonetheless, even those four are moving as 
quickly as they can. 

By the middle of the year, with the last sale 
of government-owned shares, British Tele¬ 
communications PLC became fully private 
and now operates in most open and compet¬ 
itive markets worldwide. The PTOs of Bel- 


months or even years, the plan has 
been to erect base stations for wire¬ 
less communications that can connect 
people within a day. 

And so it has happened. But the 
pattern in the two regions is vastly differ¬ 
ent, according to a special report on mobile 
communications that appeared in the Sept. 
8,1993, issue of London’s Financial Times. 

Although mobile telephone networks have 
been built in just about every capital city in 
Eastern Europe over the past two years, the 
services are expensive, even by Western 
standards, and only a few government offi¬ 
cials and foreign executives can actually 
afford them. 

There are now 11 cellular phone networks 
operating in central and Eastern Europe, run 
1^ joint ventures between the local telephone 
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Ownership structure of Eastern European cellular telephone operators 
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Eastern European cellular telephone systems are being installed by in the home country retain 51 percent of system ownership, while 49 
international joint ventures. In almost all cases, one or more entities percent is owned by at least one Western European or US. company. 


operator (which usually retains a majority 
interest) and one or more foreign telephone 
companies. Altogether, they serve some 
60 000 subscribers in markets with a com¬ 
bined population of 115 million (a penetration 
of 0.05 percent). Western Europe has over 
7 million cellular subscribers in markets with 
a combined population of 350 million (a pen¬ 
etration of 2 percent). 

In contrast, by the beginning of the year, 
Asia and Austraiasia had more than 4 nhllion 
mobile telephone subscribers in markets 
totaling more than 1 billion people (a pene¬ 
tration of 0.4 percent). Although Japan alone 
accounts for 40 percent of subscribers in the 
region, China has grown the fastest: 526 per¬ 
cent between Jan. 1, 1992, and June 30, 
1993—from 38 000 to more than 200 000 
subscribers. All but five of China’s 30 provin¬ 
cial state-owned telephone operators have 
cellular telephone networks. 'Die numbers of 
subscribers in Australia, Indonesia, Malaysia, 
Singapore, South Korea, Taiwan, and Thai¬ 
land have also grown by more than 50 per¬ 
cent, just from January 1992 to January 1993 
[see table, p. 25]. 

IRIDIUM TAKES OFF. The dream of holding in 
the palm of one’s hand a terminal accessing 
a truly global mobile communications service 
moved closer to reality in August when 
Motorola Inc., Schaumburg, Ill., won financ¬ 
ing for its US $3.4 billion Iridium telecom¬ 
munications system, perhaps the world’s 
largest private aerospace project. 

Companies and PTOs from North and 
South America, Europe, and Asia agreed to 


provide $800 million in the first stage of 
financing; Motorola itself has already 
invested another $270 million. Participants 
include Mawarid (a Saudi Arabian industrial 
group), Mitsubishi, Mitsui, Raytheon, Sony, 
Sprint, and Stet (the holding company for 
Italy’s domestic and international telecom¬ 
munications business). 


Iridium differs from most mobile telecom¬ 
munications systems in relying on satellites 
in low earth orbit—or LEO—instead of geo¬ 
stationary orbit: in other words, at altitudes 
of 900-10 000 km instead of 36 000 km. 
Voice transmission via LEO satellites is 
expected to suffer less from the echo found 
on some geostationary satellite links, be- 



erblum-doped fiber amplifiers (EDFAe) 


Bit-rate-distance product—a figure of merit for comparing fiber-optic systems—tops 100 
terabits per second X kilometers for a transmission experiment sending solitons through a 
fiber that includes erbium-doped fiber amplifiers. Solitons are optical pulses that have been 
shown to travel without distortion through more than 1 million km of fiber. 
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cause the round-trip signal time to LEO 
satellites is less. More important, because 
the satellites are closer to the earth, the 
user’s handset will require less power for 
transmitting and receiving signals, and so can 
be smaller, lighter, and cheaper. 

But coverage of the entire earth requires 
many more LEO satellites than the standard 
three geostationary ones. The Iridium sys¬ 
tem is to comprise 66 of them. Current plans 
call for launching them over two years begin¬ 
ning in 1996; commercial service is to begin 
in 1998. It is hoped that the system will 
attract as many as 15 million subscribers by 
the end of the decade—an estimated 15-2 


percent of all cellular subscribers. 

In addition to Iridium, five other U.S.-based 
consortia have proposed their ovm LEO- 
based schemes. At presenl though, they are 
working to obtain financial backing. 

The Iridium system and its competitors, 
which will aU be using frequencies above 1 
GHz, are dubbed “Big LEO” systems. There 
is also a class of Non-Voice Non-Geostation- 
ary (NVNG) Mobile Satellites Services— 
LEO satellites operating below 1 GHz that 
have come to be known as “Little LEO” sys¬ 
tems. On Nov. 16, they were allocated spec¬ 
trum in the 150- and 400-MHz bands. The 
three NVNG license applicants are Volun¬ 


teers in Technical Assistance (VITA), a non¬ 
profit aid organization that is based in Arling¬ 
ton, Va.; Orbital Communications Corp., in 
Dulles, Va.; and Starsys Global Positioning 
Inc., located in Washington, D.C. 

The NVNG service, based on technology 
pioneered by radio amateurs, will be used for 
brief data messages, monitoring and control 
of remote industrial, agricultural, and natural 
resource facilities, and consumer alarm, elec¬ 
tronic mail, and vehicle location. Launches of 
the first NVNG satellites are expected later 
this year. 

CABLE AND WIRELESS. After years of bicker¬ 
ing and jostling for position, cable television 


COCHRANE: Dark fiber will transform telecommunications 


This will be the year of the “dark fiber” —a 
transparent superhighway or information 
“hose” unimpeded by electronic amplifiers or 
switches, through which gigabits per second 
“poured.” 

Last year, the Federal 

Communications Commis¬ 
sion (F(X) ruled that three of the regional Bell 
operating companies handling local service 
would have to supply direct optical-fiber links 
between customers on an experimental basis. 
That ruling was reinforced by the announce¬ 
ment of the Clinton administration’s support 
for the development of a national gigabit data 
highway. Meanwhile, the cost of passive opti¬ 
cal networks fell, so that fiber to the home, 
at last, became economically competitive with 
traditional twisted copper pairs. 

Together, these three developments cat¬ 
apulted into public awareness the revolu¬ 
tionary implications of transparent optical 
networks for telecommunications, computer 
and information networks, and even entire 
national economies. For the first time, we are 
witnessing a convergence of key technolo¬ 
gies, market needs, and costs that wiU finally 
allow the economic introduction of trans¬ 
parent optical networks. 

In fiber technology, the key to the low cost 
and high bandwidth of transparent optical 
networks is the replacement of electronic 
repeaters with optical amplifiers. Today’s 
electronic repeater converts the detected 
optical signal into an electric signal that is 
amplified to drive a semiconductor laser, 
which then regenerates the optical signal for 
the next stretch of fiber. The limitations of 
the electronic circuits involved present a 
restricted and finite signal bandwidth in the 
fiber path. 

In contrast, optical amplifiers can boost a 
wide range of wavelengths with no inter¬ 
vening photon-electron conversion. The 
most revolutionary and promising type is 
simply a length of optical fiber. Optically 
pumping doped or imdoped fiber in a cable 
now yields amplifiers more than 50 km long. 
Such distributed amplification offers the best 
end-to-end signal-to-noise ratio. 

All this translates into cheaper operation. 


For one thing, optical amplifiers reduce the bandwidths can be realized in free space, 

number of switching sites in a fiber cable by New forms of holographic lensing (essen- 

a full order of magnitude as the signaling, daily, optical antennas) and optical “leaky 

transmission, and reliability constraints of feeder” allow cells for wireless systems to be 

copper cables are overcome. A less obvious created that range in size from the diame- 

benefit is that a transparent passive optical ter of a room down to that of a pinhead. With 

network limits human interference within this technology, it is feasible to have wire- 

the network. Typically about half the faults in less office systems in which diffuse optical 

a telephone company’s network are in its fields give a uniform signal power every- 

copper local loop. About 25 percent are where in the room. Alternatively, the office 

induced by re-routing, repair, and routine systems may focus signal power on specific 

maintenance. In other words, installation and equipment, broadcasting data to and from 

repair crews actually introduce faults di- individual desks and computers. With light, it 

rectly, and also leave latent faults and other is now possible to transmit the entire con- 

damage. Corrosion contributes a further 10 tents of the Encyclopaedia Britannica (1 giga¬ 

bit of information) into a shirt- 
pocket-sized device in less than 
one second. 

All these optical develop¬ 
ments are setting telephone 
companies and computer net¬ 
work providers at odds. Until 
last year, the conflict seemed 
straightforward: telecommuni¬ 
cations people speak in terms 
of switching, computer users in 
terms of routers. What the 
computer community requires 
is dark fiber, or a superhigh¬ 
way, that allows unimpeded 
transmission with no switching 
or electronics getting in ±e 
way. Conversely, the telephone 



percent, wind damage to over¬ 
head wires about 5 percent, 
and damage by other utilities 
workers digging nearby a good 
10 percent. 

Optical fiber, and particu¬ 
larly passive optical networks, 
do not require physical rerout¬ 
ings, as they can be externally 
rerouted by wavelength and/or 
time slot address. This has two 
significant advantages. First, 
they have the potential for de¬ 
creasing induced faults by 
some 40 percent compared key tO the lOW COSt and 
with copper. Second, once a high handwidth Of 
transparent fiber is installed traosgarent optical 
between hubs, it can stay put networks Isthe 
essentially forever without replacement Of electronic companies wish to maintain 
future rerouting or new elec- repeaters With optical control of their networks by 
tronics (except at the terminal amplifiers' owning the switches, plus the 

ends). In economical terms, intelligence at the core of their 

therefore, passive optical networks are supe- network that controls calls and the allocation 
rior to all other solutions, including fiber to of bandwidth. 

the curb and wireless to the home. The probability is that neither camp will 

The year was also distinguished by numer- win, because in all likelihood a successful sys- 
ous demonstrations of microwave radio tem design will be a melding of both. Intelli- 
broadcast directly over fiber. They showed gence is rapidly migrating to the periphery 
that radio cells can be coupled into trans- of networks (in the form of smarter termi- 
parent optical paths and replicated (rebroad- nals and applications), and the need for such 
cast) at vast distances from the transmitter central functions as switching and intelli- 
without much intermediate technology. gence is diminishing. That trend will proba- 

Even more interesting, optical wireless bly become more pronounced between now 
systems utilizing semiconductor- and fiber- and the year 2000. 
based technologies demonstrated that huge Today, the chief impediments to the suc- 


24 


ffiEE SPECTRUM JANUARY 1994 
















companies and telephone companies decided 
that they would be stronger in the nascent 
multimedia market as partners than as com¬ 
petitors. On Oct. 13, the largest communi¬ 
cations merger in U.S. history was an¬ 
nounced: Bell Atlantic, the regional Bell 
holding company for the mid-Atlantic states, 
would buy Telecommunications Inc. (TCD, 
the nation’s largest cable-TV operator, along 
with its cable-programming sister company 
Liberty Media Corp., for $12 billion in stock. 

Because of a provision in the 1984 Cable 
Act barring a telephone company from own¬ 
ing and operating cable-TV stations in the 
same geographical area as it serves tele- 


cess of future data highways are, first, the 
lack of cooperation between ±e telecom¬ 
munications and computer industries, and 
second, standards that are dead on arrival, 
strangled by protocols and operating systems 
from the computer industry that are tied to 
the 1960s. 

Since 1980, optical-fiber transmission 
capabilities have doubled every year, while 
costs have dropped exponentially. Such 
progress should continue beyond the year 
2000. Throwing bandwidth at problems such 
as signaling, control, and network manage¬ 
ment naturally suggests that wavelength divi¬ 
sion multiplexing (multiplexing signals by 
color of light) should supersede time division 
multiplexing (multiplexing by sampling sig¬ 
nals in time). It may also be that the current 
contest between soliton propagation as a 
means of transmitting undistorted signals 
around the planet, and wavelength division 
multiplexing, which incurs some significant 
distortion, will be resolved by a mixture of the 
two technologies. Asynchronous transfer 
mode (ATM), or packet-switching tech¬ 
niques, at a photonic level might also prove 
optimal for a massive global telecommuni¬ 
cations network. 

Such a solution would be free of the 
delays, blocking, and information vraves that 
are inherent in ATM realized electronically 
over restricted-bandwidth systems using 
radio, copper, and fiber with an electronically 
limited bandwidth. Now, however, that idea 
looks as revolutionary as suggesting drop¬ 
ping the code compression of signals because 
the bandwidth restrictions of copper are no 
more. Who knows, in a decade we may see 
the realization of such radical solutions pro¬ 
moted by passive and transparent optical net¬ 
works—and then we will really be able to 
telecommunicate! 

Peter Cochrane (F) is head of The Core Technolo¬ 
gies Research Department at British Telecom Lab¬ 
oratories at Martiesham Heath, Ipswich, UK. In 
1990, he received the Queen's Award for Technol¬ 
ogy in recognition of his accomplishments as man¬ 
ager ot production of optical receivers for the TAT- 
8 and PTAT-1 undersea cable systems. 


phone customers, TCI Celluiar-subscriber growth around Pacific Rim 

plans to divest itself of 
the 14 percent of its 132 
million subscribers who 
are in Bell Atlantic’s ter¬ 
ritory. (That plan may 
be more a precaution 
than a necessity: not 
two months earlier, on 
Aug. 14, in a landmark 
court decision, a Fed¬ 
eral judge ruled that the 
1984 Cable Act provi¬ 
sion violated the consti¬ 
tutional right to free 
speech, and allowed Bell 
Atlantic to offer cable- 
TV service in Alexan¬ 
dria, Va.) Nonetheless, 
even without those sub¬ 
scribers, the merger 
would give the new Bell 
Atlantic more than 22 


Largest markets 

Subscriber thousands, as of 
January: 

1992 1993 

Percent 

growth 

Japan 

1251 

1615 

29 

Australia 

336 

559 

54 

Taiwan 

199 

429 

116 

South Korea 

173 

271 

56 

Thailand 

154 

257 

67 

Hong Kong 

180 

233 

29 

Malaysia 

135 

207 

53 

China 

38 

160 

321 

Singapore 

70 

111 

59 

New Zealand 

69 

94 

36 

Philippines 

40 

55 

38 

Indonesia 

16 

32 

97 

TOTALS 

2688 

4022 

50 


Source: Financial Times Mabiie Communications 


million cable and phone 

customers in 59 of the top 1(X) U.S. markets. 

Most important, the two companies are 
bent on revolutionizing home entertainment 
and information by turning Bell Atlantic’s 
telephone network into a “Video pipeline,” and 
elsewhere rebuilding TCI’s cable systems to 
handle telephone service. Moreover, Bell 
Atlantic plans to use TCI’s cable system as a 
backbone network for personal communica¬ 
tions services (PCSs), a new generation of 
wireless phone service. 

The announced Bell Atlantic-TCI merger 
would dwarf other recent alliances between 
telephone companies and cable-TV compa¬ 
nies, including the the $L2 billion investment 
of Nynex Corp. in Viacom Inc. and the $2.5 
billion investment by U S West Inc. in Time 
Warner Inc. For the merger to be finalized, 
however. Bell Atlantic must secure court 
waivers from the terms of the divestiture 
decree breaking up AT&T in 1984, because 
the satellite system used by cable operators 
to distribute programming is considered a 
form of long-dstance service. 

OPTICAL FIBER ADVANCES. This was the first 
year that fiber-in-the-loop gained momentum 
in practical applications, according to Paul 
Shumate of Bellcore, Morristown, N.J. Many 
of the Bell regional holding companies 
announced long-term plans and let contracts 
for access to fiber-in-the-loop equipment 
that, if cost-effective, may ultimately lead to 
the delivery of multimedia applications. 

Distributed erbium-doped fiber amplifiers 
(EDFAs) remain crucial to future opticd-fiber 
communications, according to Tran V. Muoi, 
chair of the IEEE’s Lasers and Electro-Optics 
Society’s Optical Communications Technical 
Committee. An EDFA is a length of ordinary 
silica fiber doped with the rare-earth element 
erbium to give the fiber gain. When optically 
pumped with light from an outside semicon¬ 
ductor laser, the erbium-doped fiber boosts 
the power of all signals traveling through it 
within a relatively wide range (25 000 GHz) 
of wavelengths centered on L55 p,m. 


When these devices serve as optical- 
power booster amplifiers at the transmitter 
site and optical preamplifiers at the receiv¬ 
ing site, a signal can traverse twice its usual 
distance wi±out needing a repeater. A num¬ 
ber of commercial transmission systems— 
primarily for submarine use—were an¬ 
nounced for systems using EDFAs; in 
addition, the first such amplifiers used in an 
AT&T network were installed in a link 
between San Francisco and Point Arena, 
Calif., which began service last June. 

The advent of EDFAs has also fanned 
interest in the commercial viability of sys¬ 
tems relying on solitons—^pulses that retain 
their shape for ±ousands of kilometers of 
optical fiber because of the reciprocal effects 
of chromatic dispersion and an index of 
refraction that changes with intensity [“T-ight 
that acts like Natural bits’," Spectrum, August 
1990, pp. 56-57 and “Molding light into soli¬ 
tons” by Hermann A. Haus, Spectrum, March 
1993, pp. 48-531. 

Using EDFAs as in-line nonregenerating 
repeaters in 1992, M. Nakazawa and his col¬ 
leagues at Nippon Telegraph & Telephone’s 
Transmission Systems Laboratory in Tokai, 
Japan, transmitted solitons at a rate of 10 
Gb/s over a distance of 1 million kilometers. 
And last April, Nakazawa reported at the 
1993 Optici Fiber Conference that, practi¬ 
cally speaking, soliton transmission would be 
effective over unlimited distances, as in a 
fiber the signal could encircle the earth some 
22 times before the signal-to-noise ratio ren¬ 
dered it unusable. 

Erbium doping, however, amplifies signals 
only at the wavelength of minimum attenu¬ 
ation in the optical fiber (1.55 p,m). So re¬ 
searchers are actively investigating the pos¬ 
sibility of fiber amplifiers that operate at the 
wavelength of minimum chromatic disper¬ 
sion (L3 p,m). So far the most promising can¬ 
didate is praseodymium-doped fiber amp¬ 
lifiers: a signal gain of more than 25 dB has 
been reported by several laboratories. ♦ 
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Data communications 



vents in the consumer 
market and the business 
world have recently 
shaped—and for the next 
few years will continue to 
shape—this area far 
more than technological 
breakthroughs. The need 
for real-time delivery of much higher vol¬ 
umes of data to meet the video and audio 
requirements of coming multimedia apph- 
cations drove developments in data speed 
and in that new realm of technology where 
data communications converge with other 
kinds of inputs. Similarly, a rising interest in 
increasing^ mobile communications sparked 
an interest in wireless commimications. 
PARAMOUNT CONCERN. Speed is always cru¬ 
cial in data communications. In the research 
community, the Aurora gigabit research net¬ 
work successfully started transmitting data 
and video signals over its synchronous opti¬ 
cal network (Sonet) backbone. In ±e com¬ 
mercial arena, the most important speed- 
related news was the exponential leap of 
interest in and commitment to asynchronous 
transfer mode (ATM). 

By the end of last year, more than 300 
members had joined the ATM Forum, an 
organization of vendors working both on 
solidifying the ATM specification and on 
developing ATM products of their own, at a 
clip of three or four enrollments a week. One 
proof that ATM is entering the mainstream 
was the announcement by Synoptics Com¬ 
munications Corp., Santa Clara, Calif., of the 
LattisCell switch, the first commercial piece 
of ATM gear priced below $1500 per 
port. Yet the widespread deployment 
of ATM is still many years off [see fig¬ 
ure, top of next page]. As Chase Bai¬ 
ley, president of Efficient Networks 
Technologies Inc., Dallas, pointed out, 

ATM signaling, call connection, rout¬ 
ing, and addressing have not yet been 
worked out, and neither has the specification 
for lower-speed implementations. 

Some of the most interesting efforts to 
improve the speed of data communications 
gear involved standards for higher-speed 
(100 Mb/s) Ethernets. ATT Microelectron¬ 
ics, Berkeley Heights, N.J.; Hewlett-Packard, 
Palo Alto, Calif.; and IBM are pushing 
lOOBase-AnyLAN/IEEE 802.12 (formerly 
lOOBase-VG) whose competitor is lOOBase- 
X/CSMA-CD (IEEE 802.14, formerly IEEE 
802.30), promoted by Ungermann-Bass Inc., 
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Santa Clara, Calif.; 3Com Corp., Santa Clara, 
Calif.; and Grand Junctions Networks, Union 
City, Calif. The former product permits 
delay-sensitive network traffic to be given 
higher priority, hut lOOBase-X/CSMA-CD 
retains the original Ethernet protocol, imply¬ 
ing greater backward compatibihty with 
existing Ethernet. Stable drafts of both stan¬ 
dards are predicted for the first half of 1994, 
but only the market can determine which 
version will work better with the new multi- 
media network applications expected to 
arrive throughout the year. 

Lyman Chapin, chief network architect at 
Bolt, Beranek, and Newman (BBN), Cam¬ 
bridge, Mass., said that these competing 
standards “push back the date when new 
WAN technology [such as ATM] will be nec¬ 
essary to be deployed in local-area net¬ 
works.” Consultant John Krick, an analyst 
with Datapro Research Inc., Delran, N.J, said 
that “the major effect of this interest in fast 
Ethernet could be to drive the price of FDDI 
[fiber distributed data interface] down.” 

The real significance of the Ethernet and 
ATM developments may lie elsewhere, how¬ 
ever. Dan Simone, senior project manager at 
Synoptics, said that “the importance, really, 
is the introduction of switching, whether with 
frames such as Ethernet or cells such as 
ATM. With people moving away from shared 
media, you’re going to have to manage and 
troubleshoot networks differently. One of 
today’s network monitors wouldn’t hear any¬ 
thing on a switched network, because there 
is not a common collision domain.” 

Simone pointed out that the move toward 

HIGHLIGHTS 

I ATM dips its toe in the mainstream 
I internet becomes a househoiil word 
I The pubiic gets its first took at PDAs 
I Evervone is taiking about muitimedia 

switching is also pushing what he calls “vir¬ 
tualization” of networks—segments of local- 
area networks (LANs) that are defined by 
software—so workstations that share a com¬ 
mon LAN do not have to share a common 
location. “Soft segments,” as opposed to 
physically separate hub backplanes, will be 
the result, and the administrative burden of 
adds, changes, and moves will thus greatly 
diminish. 

MORE VISIDLE. The Internet has not only 
become ever more visible and commercial¬ 
ized—a cartoon about it showed up in The 
New Yorker —^but also continued to create 


new services. Intemet Talk Radio, a weekly 
series of downloadable audio files profes¬ 
sionally produced as radio programs, pre¬ 
miered last year. The Mbone, the Intemet 
multicast backbone, has gone on doubling in 
size every few months, though as router ven¬ 
dors build multicast capacity into their prod¬ 
ucts over the next few years, the need for the 
Mhone will go away. Two-way Internet 
access became available through a cable tele¬ 
vision interconnection, a service offered by 
Cablevision Systems Corp., Woodbury, N.Y., 
and Performance Systems Inc., Reston, Va. 

Brian E. Carpenter, group leader for Com¬ 
munications Systems of the Computing and 
Networks Division at the European Organi¬ 
zation for Nuclear Research (CERN) in Gen¬ 
eva, said ±at the Worldwide Web (WWW), 
a hypertext chent-server-based cross-ref¬ 
erencing tool initiated by CERN, “has 
become the fastest-growing information ser¬ 
vice on the net.” Originally aimed at the high- 
energy physics community, WWW consists 
of documents and links plus a simple proto¬ 
col with whose aid browser programs can 
request a keyword search by a remote infor¬ 
mation server. (Further information about 
WWW can be accessed through telnet or ftp 
at “info.cem.ch”) 

In the Internet’s standards-development 
arm, the Intemet Engineering Steering 
Group (lESG) has started a special direc¬ 
torate, the Intemet Protocol Next Genera¬ 
tion (IPNG). IPNG was formed to help the 
Internet keep up with its 15 percent-per- 
month growth rate. For one thing, the Inter¬ 
net is running out of possible host numbers 
and addresses; for another, Intemet 
routers are having more and more 
trouble updating their tables as the 
number of networks on the Intemet 
grows. 

The Advanced Research Projects 
Agency (ARPA), Arlington, Va., has 
funded the Nimrod research project 
as part of IPNG. Nimrod investigators will 
look into new routing and addressing algo¬ 
rithms that, according to Noel Chiappa, a 
member of the Internet Engineering Task 
Force (IETF), will “create roadmaps for 
Intemet routers to use and augment the 32- 
bit network addresses into variable-length 
network addresses.” Nimrod is the latest of 
several ongoing and competing IPNG 
research efforts. 

The Intemet Society QSOC) took on the 
job of promulgating Internet standards in 
connection with the work of the IETF. Its 
newsletter has become the official place in 


26 


0018-9235/94/$4.00©1994 IEEE 


EEE SPECTRUM JANUARY 1 




















1994 

Cell-switching 
LAN with bandwidth 
on demand 



module Source: The Yankee Group 


ATM seems fated to take over data communications, but the takeover will be gradual. The 
technology is so new that even manufacturing strategies must be worked out. As shown 
here, hub makers turned first to router vendors for hub manufacture, but because too much 
of a switching hub’s cost wound up in the outsourced switching components, they have been 
forced to develop their own technology—either in-house or with a technology partner. 


which to publish Internet standards. 

In the private sector, two consortia were 
formed. One, the National Information Infra¬ 
structure Testbed (NUT), consists of eight 
companies—AT&T, Digital Equipment, 
Ellery S3tstems, Hewlett-Packard, Network 
Systems, Novell, Sun Microsystems, and 
Synoptics—as well as Ohio and Oregon state 
universities, the universities of California- 
Berkeley and New Hampshire, the Smith¬ 
sonian Astrophysical Observatory, and the 
Sandia National Laboratory. NUT is intended 
to provide a nationwide high-performance 
testbed integrating distributed computing 
with advanced communications. 

The Cross Industry Working Team 
OQWT), made up of more than 25 computer 
and communications companies, was formed 
to promote a National Information Infra¬ 
structure (NH) through fostering the devel¬ 
opment and application of technologies 
crossing traditional industry boundaries. 
XIWT is focused on the technical issues sur¬ 
rounding the NH. 

Another new consortium—the Telecom¬ 
munications Policy Roundtable, a coalition of 
60 nonprofit, consumer, labor, and civil rights 
groups formed to represent the public inter¬ 
est in the coming national data superhigh¬ 
way—is more concerned with policy than 
with technology. Policy, in fact, often dictates 
technology. 

INTERNATIONAL. The fate of the Internet has 
become inextricably entwined ivith these 
U.S. data superhighway initiatives, which will 
affect communications worldwide. As Jon 
Crowcroft, senior lecturer at University Col¬ 
lege, London, said, “The U.S. controls what 
we’re doing.” Still, plans are afoot to link the 
three main European research networks— 
the UK’s Janet (Joint Academic Network), 
France’s Renata, and Germany’s Berkom. 
ATM is being used on all three. 

Terry Curtis, professor of communica¬ 
tions policy at California State Univer- 
sity-Chico and adjunct research fellow at the 
East-West Center, University of Hawaii, 
Honolulu, said that Japan’s Visual, Intelligent, 
and Personal project for interactive multi- 
media will “drive the use of broadband ISDN. 
The Japanese don’t wait for demand. They 
have a 20-year-plan that anticipates B-ISDN. 
Singapore is installing fiber everywhere, get¬ 
ting way out ahead of demand, too.” But, he 
pointed out, “everyone waits for the U.S. to 
work out the kinks” in any new communica¬ 
tions technologies. 

Crowcroft argued that the growth of the 
Internet may conflict with the proliferation 
of ATM. Internet researchers are currently 
at work on finding a way of providing for hun¬ 
dreds of thousands of hosts and ever-grow¬ 
ing milhons of users, as entire countries get 
Internet connections. Each host and user 
requires a unique network address. 

ATM, with its virtual-circuit connection- 
oriented switched architecture, indirectly 
promises to provide globally unique network 
addresses receptive to all forms of network 
traffic—^whether voice, data, or video. ATM 


cells must flow into unique network 
addresses once an ATM call is set up. 

“ATM purists want to make everything 
pure ATM,” said Crowcroft, “making it the 
X25 of the ’90s! Others think IP [the Inter¬ 
net protocol] can run just fine over ATM, so 
they really don’t need ATM. There could be 
a culture clash between the telephone ser¬ 
vice providers and the Internet, between 
IPNG and ATM.” In 1994, collisions between 
these two network-addressing schemes will 
become more visible. 

Further complicating matters of unique 
network addressing, Novell began offering 
a registry for IPX addresses, so users of the 
world’s most popular network operating sys¬ 
tem could be guaranteed unique IPX net¬ 
work addresses—^which are growing in im¬ 
portance as more and more LANs are 
interconnected and the probability of dupli¬ 
cate network addresses increases. In con¬ 
junction with a network service provider 
such as ATT, the Netware registry could 
become a third competing source of unique 
global network addresses. 

In 1994 Novell might offer the IPX proto¬ 
col to the Internet, effectively putting the 
protocol into the public domain by placing it 
under the supervision of the IETF. More¬ 
over, as IP is ever more widely used, it might 
become so embedded in the worldwide net¬ 
working community that attempts to graft 
pure ATM onto it ivill not take. Yet, as 
Simone said, “data and voice people are being 
forced together” to find a way to build a 
workable network mesh. 

CONVERGENCE. Disparate technologies are 
also coming together through what is being 
called convergence technology. By mid-1993. 


this commingling of voice, data, video, cable, 
and everything else had inspired several hun¬ 
dred alliances, licensing agreements, stock 
swaps, and the like on the part of cable, com¬ 
puter, network, hardware, software, and on¬ 
line service companies. 

The proposed merger between Bell 
Atlantic, Philadelphia, and Telecommunica¬ 
tions Inc., Denver, Colo., ivas only the latest 
corporate move to indicate that data com¬ 
munications was of interest to Wall Street, 
and not just to technologists. While these 
agreements were generally targeted at the 
consumer market, the technologies they will 
spawn and depend on (such as ATM) will 
certainly have a broad impact on data com¬ 
munications. 

“There’s a difference between simple 
cohabitation—carrying audio, video, and data 
on the same cable—and convergence, bring¬ 
ing the three together as part of a multime¬ 
dia application,” said BBN’s Chapin. “Con¬ 
vergence is more creative, but different 
modalities, multiple points of entry are 
needed, because, for example, video is inher¬ 
ently analog, text inherently digital.” 

Set-top boxes are part of the convergence 
trend. These are consumer devices that 
allow television sets to take interactive 
advantage of the voice, data, and video that 
will be pouring into them. Startup 3DO Co., 
Redwo^ City, Calif., has already announced 
such a product. Other companies and alli¬ 
ances announcing similar products involve 
Microsoft, General Instrument, and Intel; 
Hewlett-Packard: Scientific Atlanta, Motor¬ 
ola, and Kaleida Laboratories; and TCI and 
ATT. 

Personal digital assistants (PDAs)—hand- 
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held devices that perform a variety of tasks, 
such as receiving electronic mail and wire¬ 
less communications—^were also introduced 
last year, straddling the line between con¬ 
vergence technologies and mobile commu¬ 
nications. “With PDAs, well get to see in the 
next year [1994] if they’re useful or not,” said 
California State’s Terry Curtis. But Tom 
Halfhill, senior editor ior Byte magazine, said 
that prediction is shortsighted, and that it will 
take 10 years for the technology to mature 
enough to meet all its expectations. Still, Cur¬ 
tis said, “PDAs might work like cellular 
phones in developing countries, providing 
wireless communications.” The Newton 
MessagePad from Apple Computer Inc., 
Cupertino, Calif.; the ATT EO Personal Com¬ 


municator; and the Personal Digital Assistant 
(nee Zoomer) Z-PDA/Casio Z-7000 from 
Tandy Corp., Fort Worth, Texas, are the first 
manifestations of technologies that will be 
more common in 1994. 

General Magic Inc., Mountain View, 
Calif.—a start-up spun out of Apple’s Ad¬ 
vanced Technology Group with partners 
ATT; Motorola; Mead Data (Dentral, Da54;on, 
Ohio; Sony, Tokyo; Philips, Eindhoven, the 
Netherlands; and Matsushita, Osaka, Japan 
—announced its Telescript and Magic Cap 
(Communications Application Platform) 
development tools. Magic Cap, a communi¬ 
cations platform designed to create con- 
srnner communications applications, func¬ 
tions both as an operating system and as a 


user interface; Telescript is a communica¬ 
tions language that works with intelligent 
software agents operating within devices 
attached to networks and PDAs, or within 
networks themselves. Magic Cap integrates 
Telescript, but Telescript does not require 
Magic Cap. General Magic says it will be 
rolling out actual products using Magic Cap 
and Telescript in early 1994. 

WIRELESS. PDAs point up the growing trend 
toward wireless communications, a market 
that consultant Ira Brodsky, president of Da- 
tacomm Research Co., Wilmette, Dl., said will 
grow to $500 million by 1998. Krick said that 
wireless technology should “become more 
mainstream in 1994, attaining speeds for data 
transmission of 1-2 Mb/s.” 


SAIWEN: Cooperation anP compromise are key to realizing ATM’s promise 

Few of us could have imagined 10 years ago the relative inefficiencies of using small cells; 


that a 20-million-instruction-per-second given a free hand, they would have preferred 


machine with 16 megabytes of core memory 
would ever be viewed as a commodity to be 

I used on our desks or cra¬ 
dled in our laps. Next i 


53-kilobyte cells. The voice people a 
totally happy with the latency and switch- 


not be an easy task, and much must be 
learned in a rather short time. We wiQ need 
new monitors, testers, and other tools to col¬ 
lect the statistical characteristics from which 


ing-cost implications of 53-byte cells; they new models can be created. Such data will 


would have preferred 16 bytes. But a good 


I line to be explored and compromise usually leaves both parties feel- 
conquered is the multimegabit-per-second ing a little uncomfortable. The 53-byte ATM 
frontier. As with the megabyte-memory and cell is probably a good compromise—and 
million-instruction-per-second phenomena, just the first of many that will be made before 
it is difficult to predict how this gigantic com- ATM’s design matures. 


munications capability will be used 10 years 
from now. 


We need to define other ATM techniques 
and algorithms for sharing multi-megabit 


help us develop congestion-control algo¬ 
rithms that take into account the differing 
latency requirements of voice, data, and 
video. More important, our newly acquired 
ATM test data will assist in the development 
of fault detection, isolation, and work-arounds 
optimized for ATM. 

Work in the ATM Forum—the informal 
industry standards organization—has high¬ 
lighted the differences between 
the approaches to network 
management of telephony im¬ 
plementors and local-area net¬ 
work (LAN) implementors. 
LAN implementors are more 
concerned than ever with net¬ 
work reliability and availability 
as their products assume mis¬ 
sion-critical roles. 

All the same, their level of 
concern cannot yet compare 
with the traditions of the tele- 

there are no decades-long ‘ATM will be DOmpelleil tO phone companies, which have 
end of the decade, along wiA some data and studies of the peculiarities of compromise Its Intrinsic been emphasizing reliability 
data traffic. Many more statis- elegance In order tO work and availability for decades, 
tical characterizations of data With existing networks Network management for pub- 
communications will be and provide a reasonable lie telecommunications need 
needed to optimize the way migration path' not be identical to that used in 

data, voice, and video are com- private networks, but the two 


Industry analysts tell us that voice traffic bandwidth among voice, data, and video, 
will probably continue to dominate the Many of our colleagues from 
telecommunications marketplace until the the voice world have spent 
end of the decade. Facsimile, video-on- their careers studying speech 

demand, and other services will occupy characteristics to optimize 

larger and larger shares of the total available telecommunications or secu- 

bandwidth as we approach the year 2000. By rity. As a consequence, much is 

that time, the method of choice for carrying known about the statistics of 
these services will be asynchronous trans- - — 

fer mode (ATM). 

Between now and then, ATM is expected 
to be the fastest-growing communications 

technique. At present, voice holds sway over “bursty.” We need to know 
the public-switched network. But ATM will what that really means, for 
be carrying some of this traffic toward the 
end of the decade, along with some data and 
video. Six years from now, ATM will consume 
almost as much network bandwidth as ordi¬ 
nary voice services. 

From the beginning, ATM was intended to 
accommodate mixed media. Successful 
implementation will require data communi- bined on ATM. 


voice traffic. The same cannot 
be said of data. 

We often hear data commu¬ 
nications characterized as 



cations architects to work closely with v 
architects to ensure that the technology ful¬ 
fills its promise. 

Cell size was the first ATM parameter to 
be defined through cooperation between data 


Similarly, much of the work on video 


must play smoothly together. 

As originally conceived, ATM is elegant 


codecs has been based on the technologies in its operation and utility. Nonetheless, the 
available in the hitherto stable world of the exigencies of the real world usually chip away 


public switched telephone network. Re¬ 
search on video codecs has assumed chan- 


at elegant design and, in fact, affect even 
ATM’s deployment. If ATM could suddenly 


and voice people. The data people, concerned nels with constant bit rates because until now replace all existing networking gear, there 


cell headers, wanted very large cells. The attraction of services such as ATM, though, 
voice people wanted small cells because they is their ability to provide variable-bit-rate 


about the processing overhead required by that was the only kind available. Part of the would be no need for routers, hubs, or 
" ... - - - switches. But most likely, network managers 

will phase in ATM slowly, while replacing cur- 
minimize latency. Small cells also simplify channels capable of adapting to their video rently instaUed networks. The intrinsic ele- 
switch design and echo-suppressor imple- information content. Again, much work is 
mentation. The compromise: a 53-byte ATM needed to determine the optimal utilization 
cell (a 5-byte header and a 48-byte payload), of ATM. 

The data people are not totally happy with Managing multiple megabits on ATM will 


gance of ATM will be compromised so that it 
can work with existing networks and provide 
a reasonable migration path. 

Current networking technology is quite 
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In addition to its obvious uses in mobile 
data communications and disaster recovery, 
wireless has other applications for which it is 
uniquely suited. Among them is fulfilling a 
variety of temporary requirements—un- 
plann^ expansions of existing networks and 
providing facilities for short-term training 
programs and for communications at con¬ 
ventions and trade shows, to name but three. 
It is also useful when people (and their ter¬ 
minals) must be relocated frequently. And it 
is an attractive alternative when cabling is 
difficult—for instance, when construction 
cannot be undertaken because of, say, as¬ 
bestos problems or historic landmark des¬ 
ignation. 

As for specific developments in wireless 


different from that of ATM. Packet commu¬ 
nications are generally based on connection¬ 
less datagrams; ATM is basically connection- 
oriented. An adaptation layer has been 
defined to take care of the more obvious dif¬ 
ferences between the two. But many other 
complexities arise when old and new tech¬ 
nologies must work together. 

For example, the ATM Forum and the 
Internet Engineering Task Force (IETF) are 
working on standards to relate E.164 tele¬ 
phony addresses to 48-bit LAN addresses. 
Given such a correspondence, it will be pos¬ 
sible to deal with connectionless multicast 
traffic in the connection-oriented ATM envi¬ 
ronment and to coordinate ATM call-setup 
with current address-resolution procedures. 
A robust solution to these and other prob¬ 
lems is not trivial, because the networks in 
which they must work will be used by millions 
of people. 

Many similar though as yet unknown prob¬ 
lems and pleasures complicate ATM’s 
deployment. But voice and data experts are 
working steadily on the compromises that 
will bring civility and productivity to the mul- 
timegabit-per-second frontier—one that 
promises to he as exciting and rewarding as 
the million-instruction-per-second and mem¬ 
ory frontiers. If history is an accurate 
teacher, the next few years will see a num¬ 
ber of trial applications come and go before 
the real long-term uses of this new and pow¬ 
erful technology are revealed to us. 

Howard Salwen is founder and chairman ofProteon 
Inc., Westborough, Mass., and president and chief 
executive officer of Telco Systems Inc., Norwood, 
Mass. He is a past Chapter chairman of the IEEE 
Communications Society, a member of the IEEE 
802.5 committee and the oversight committee of 
Boston's Computer Museum, treasurer of the Mass¬ 
achusetts Telecommunications Council, and a 
member of the board of the American Technion 
Society. 

The author wishes to thank Dan Upp of Tran- 
Switch Corp., Shelton, Conn., and Steve Willis of 
Wellfleet Communications Inc., Bedford, Mass., for 
their interesting and useful ideas. 
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Local-area network architectures 


Characteristics 

FDDI 

CDDI 

Switching 

hub 

100-Mb/s 

Ethernet 

ATM (a) 

Channel occupancy 

Shared 

Shared 

Shared/ 

dedicated 

Shared 

Switched 

' Maturity of technology 

1 Young adult 

1 Preteen ; 

Preteen 

Prenatal j 

Infant 

Support for virtual LANs 

No 

No 

Limited 

No 

Yes 

Seamless interface 
(speeds and protocols) 
to public network 

No 

No 

; No i 

3 

No \ 

I 

Yes 

Scalability 

Difficult 

Difficult 

Somewhat 

difficult 

Difficult 

Yes 

Cost per Nl(), 1993 

1 $2000 

f $1000 ; 

N.A. ii 

N.A. I 

$4000 ; 

. ,1996 

$350 

$250-$35b 

N.A. 

$20b-$250 

$500 (for 
155 Mb/s) 

Cost per hub port, 1993 

f$1K-43K 

[ $1.5K-$2K ; 

$750 j 

N.A. j 

$5K 

. ,1996 

$700 

$500 

$300 ’ 

$300 

$700-$900 

Media requirement 

1 Fiber 

[ Dtp 

^ 

;| 

UTP I 

Fiber or UTP 

(a) 

Multiple LAN speeds 
supported 

No 

No 

N.A. 

No 

Yes 

Modification to existing 
wiring 

j Yes 

j iio ^ 

No 

No ] 

No (a) 


CDDI, FDDI = cable-, fiber-distributed data interface; LAN - local-area network; NA = not applicable; NIC = network interface controller, 
(a) Asynchronous transfer mode (ATM) will eventually support a variety of speeds and media. However, current standards and vendor devel¬ 
opment are limited to multimode fiber. Unshielded twisted pair (UTP) standards and products are expected before the end of 1994. 


communications, version LO of the Cellular 
Digital Packet Data (CDPD) specification 
was released in July. Bell Atlantic; McCaw 
Cellular Communications Corp., Redmond, 
Wash.; and Ameritech Inc., Chicago, offered 
to make the service available. The Portable 
Computer and Communications Association 
(PCCA), Brookdale, Calif., has developed an 
AT command set for wireless modems 
usable across all packet- and circuit-switched 
networks. 

The Federal Communications Commis¬ 
sion (FCC) will this year be auctioning off 
portions of the microwave part of the spec¬ 
trum for Personal Communications Services 
(PCS), which will use spread spectrum tech¬ 
nology for ever more ubiquitous—and per¬ 
sonal—communications. Spread spectrum 
allows multiple senders and receivers to 
share the same portion of the spectrum by 
having each sender encode its transmission 
in a unique way decipherable by only its 
intended receiver. The outcome of the FCC 
auction will also affect the fates of the com¬ 
peting satellite personal communications 
services, deciding whether Motorola’s Irid¬ 
ium; Globalstar, from Loral/Qualcomm, San 
Diego, Calif.; and others will be able to create 
a worldwide cellular network that is based on 
satellites. 

In 1993, there were also terrestrial 
approaches to this dream of ubiquitous com¬ 
puting. Researchers at Xerox Palo Alto 
Research Center studied intelligent agents 
that track and hand off functions among 
devices of increasing intelligence. These 
agents, based on a campus, notice user loca¬ 
tions by receiving information from a badge, 
provide basic functions to a PDA, exchange 
general computer functions and data with 


notebook-sized devices, and communicate 
with a liveboard. Private microcells in homes 
and offices would oversee this model of 
mobile computing, handing off to public cell- 
communications providers when users are 
neither at home nor at work. ATM has been 
suggested as the technology to handle the 
public portion of this intelligent-agent net¬ 
working scheme. 

BITS AND PIECES. Encryption was also in the 
news, with the U.S. government proposing 
the Clipper/Skipjack public-key encryption 
algorithm. Commercial versions of the 
Pretty Good Privacy (PGP) public-key 
encryption were put on the market by the 
Via-(irypt division of Lemcom Systems Inc., 
Phoenix, and Austin Code Works, Austin, 
Texas. Both Clipper and the commercial 
encryption products met a flurry of legal and 
regulatory actions and protests, retarding 
their deployment. 

IEEE P1394, or Serial Bus—-a new stan¬ 
dard fostered by IBM and Apple—was 
designed as a general-purpose interface 
replacing a variety of input/output types, 
such as RS-232-C, RS-422, and SCSI. Cur¬ 
rently rated at 100 Mb/s, it is said to be able 
to scale up to 400 Mb/s. Fibre Channel, a 
switched channel connection alternative to 
the high-performance parallel interface 
(HIPPI) and other high-speed channel 
attachments, operates at speeds up to 1 Gb/s, 
and, as BBN’s Chapin noted, “gets data off 
devices very efficiently.” 

The first modems said to conform to the 
CCITT V.fast 28.8-kb/s standard were an¬ 
nounced, and some vendors also announced 
products complying with V.32turbo, a pro¬ 
prietary specification for 19.2-kb/s commu¬ 
nications. ♦ 
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Consumer electronics 



t's war! And to the victor 
goes control of the home 
television receiver. Never 
exactly a peaceful indus¬ 
try, consumer electronics 
is now in the midst of sev¬ 
eral battles. Some are 
close to resolution, some 
are in heated contention, and for others the 
opponents are just choosing up sides. 

PEACE PACT. Perhaps the most significant 
fight is about to be settled. It’s over the selec¬ 
tion of a standard for the next TV generation, 
high-definition television (HDTV). 

This choice will determine television’s 
capabilities for decades. In 1979 Japan trans¬ 
mitted its first test of analog HETV by satel¬ 
lite. European countries developed another 
analog system for satellite broadcasts, HD- 
MAC, hoping to prevent the Japanese 
consumer electronics powerhouses from 
swamping the continent’s TV industry. 

But this race was not to the swift. In the 
late 1980s the U.S. Federal Communications 
Commission’s (FCC’s) Advisory Committee 
on Advanced Television Service stepped in 
and began evaluating more than 20 proposed 
HDTV systems. In 1990 General Instrument 
Corp., (Chicago, shocked the industry by 
demonstrating that it could transmit TV sig¬ 
nals completely digitally and, to top things off, 
disclosed a proposal for digital HDTV. The 
technology had not been expected to appear 
for years. 

Digital transmission is preferred to ana¬ 
log for several reasons. It can be implement¬ 
ed at lower power levels, interfering less with 


AT&T and Zenith Electronics; and the 
Advanced Television Research Consortium, 
consisting of North American Philips, Thom¬ 
son Consumer Electronics, David Sarnoff 
Research Center, Compression Laboratories, 
and NBC. 

Instead of selecting one of these, the F(X) 
Advisory Committee judged that the systems 
had few differences and a number of short¬ 
comings, in particular interference with 
NTSC broadcast signals. It therefore rec¬ 
ommended retesting unless the groups 
formed a “grand alliance” and proposed a 
single hybrid system. 

The Grand Alliance came together on 
May 24. In October it announced technical 
decisions on four key subsystem technologies: 
it had chosen a packetized system for data 
transport, Dolby AC-3 audio technology for 
sound, the MPEG-2 video compression tech¬ 
nology, and a set of scanning formats. 

MPEG 2 is one of a group of standards 
being developed by the Moving Picture 
Experts Group to provide a coded represen¬ 
tation of audio and video signals. The MPEG 
standai'ds outline a structure for data blocks, 
as well as the allocation of bits within ±ose 
blocks, to different characteristics of the 
video signal, like chrominance and lumi¬ 
nance. MPEG’s compression scheme relies 
on the analysis of images, compressing them 
by eliminating redundancies and coding only 
the changes between frames rather than 
entire new pictures for every frame. 

MPEG 1, which adapts digital video to the 
CD-ROM format with a data rate up to 1.5 
Mb/s, was published in 1992. 


existing National Television System uinui IPIf TO 
Committee (NTSC) signals, and its niUlILIIiniO 

quality is also constant throughout a | fji/glg forffl Grand AlHanCB 
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variety of computer and telecommu- I Digital satellite broadcasts begin 
nications services. Most of General | personal digital assIstants need more work 


Instrument’s competitors hurried to 
develop digital systems of their own, and 
entered them in the standards competition. 

A digital HDTV standard is expected in 
1995. Last year the pack of competitors, in all 
five systems proposed by four groups, com¬ 
pleted extensive testing. The only analog 
proposal, NarrowMUSE from Nippon Hoso 
Kyokai (NHK), Tokyo, was rejected because 
of marked interference problems. The four 
digital proposals came from General Instru¬ 
ment and the Massachusetts Institute of 
Technology (with two system proposals); 


TeklaS. Perry Senior Editor 


MPEG 2 is a digital video standard en¬ 
coded for much higher bandwidths than 
those of CD-ROMs—to 15 Mb/s and beyond. 
It is therefore appropriate for transmitting 
video over cable, fiber, satellite, or over-the- 
air terrestrial broadcasting. The draft stan¬ 
dard, to be released last November, should be 
published late this year. (MPEG 3 was ini¬ 
tially intended to be the MPEG standard for 
high-definition television, but its functions 
have been merged into MPEG 2.) 

Late last year the MPEG group began 
work on MPEG 4, for very-low-bit-rate cod¬ 
ing of audio and images, meant to be used 
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across wireless mobile computer networks. 
The group is currently defining the problem 
and has much work yet to do. A draft stan¬ 
dard is expected to be completed in 1997. 

The set of scanning formats chosen 
included 24,30, or 60 frames progressively 
scanned at 720 active lines of resolution, 24 
or 30 frames progressively scanned and 60 
interlaced fields both at 1080 lines of reso¬ 
lution. These formats are intended to 
encourage an evolution toward a progressive 
scan rate of 60 frames at 1080 active lines. 

The choice of scanning formats was a con¬ 
cern to both computer and consumer elec¬ 
tronics manufacturers. The computer indus¬ 
try prefers progressive scanning, in which 
the electron gun hits every row of phosphor 
dots in sequence, to lessen the display flicker. 
Many TV manufacturers and broadcasters 
favor interlaced scanning, in which the elec¬ 
tron gun hits every other row of dots and 
then goes back to trace the missing rows, be¬ 
cause, at a given bandwidth, it allows higher 
resolution at comparable data rates. 

The alliance has yet to settle on a trans¬ 
mission technology. This is no small chal¬ 
lenge, for the chosen system must deliver 
about 20 megabits per second in a 6-MHz 
channel amid echo, interference, and noise. 
Two basic modulation systems are in con¬ 
tention. “The bake-off [a set of tests of the 
systems] will begin in January,” said Paul Mis- 
ener, an aide to the advisory committee. The 
committee’s technical subgroup plans to 
meet in February to consider the test results. 

Misener told IEEE Spectrum that he 
expects the alliance to complete a system 
prototype this fall, when it would 
undergo a thorough series of tests; 
the committee, he said, may be able to 
make a final recommendation to the 
FCC by early 1995. After field testing 
and opportunities for public comment, 
the FCiC could make its decision soon, 
and HDTV sets manufactured under 
the new standard could reach the market in 
1996. 

Whatever HDTV system the FCC approves 
could become the basis for a world standard. 
Despite Japan’s early start in HDTV, only 
some 20 0()0 of the analog HiVision TV sets 
have been sold. Japan is planning eventually 
to introduce some form of digital HDTV, pos¬ 
sibly when it launches its next-generation 
satellite, in 2007; no specific dates have been 
announced, however. 

Meanwhile, the European Union (formerly 
Community) has accepted the death of HD- 
MAC and canceled a plan to provide $1 bil- 
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Today’s set-top boxes (also called cable decoders) have minimal electronics; but to be capable 
of decoding interactive applications, the smart set-top box will have to be much more sophis¬ 
ticated. It will probably be modular, for easy upgrading for additional applications. This 
diagram shows one way of organizing such a system. To save money on initial installation, 
decompression capability is engineered as one add-on module, while the application proces¬ 
sor module can be augmented by ever more powerful modules as new systems roll out. 


lion to HD-MAC programming. Philips Elec¬ 
tronics NV, Eindhoven, the Netherlands, has 
also canceled its plans to begin producing 
HD-MAC TV sets this year. A group of 85 
electronics companies, broadcasters, and 
satellite operators formed the Digital Video 
Broadcasting Project to develop digital tech¬ 
nology for the European market. 

Only the Scandinavian countries appear 
likely to go off on their own in selecting an 
HDTV format. Broadcasters and manufac¬ 
turers from Sweden, Denmark, Finland, and 
Norway are jointly developing the digital HD- 
Divine system, scheduled for completion in 
1995, with a demonstration transmission 
from the 1994 Winter Olympics. HD-Divine 
is expected to include the MPEG-2 standard 
for video coding. 

A DIGITAL VCR. Not surprisingly, the develop¬ 
ment of a digital videocassette recorder 
(VCR) has also begun. In hopes of preventing 
the consumer confusion that would result 


from competing standards. Philips, Mat¬ 
sushita Electric Industrial, Sony, and the Vic¬ 
tor Co. of Japan (JVC) have joined Hitachi, 
Mitsubishi, Sanyo Electric, Sharp Electron¬ 
ics, Thomson, and Toshiba to set up a world¬ 
wide digital VCR standard compatible with 
digital HDTV. 

The expectation is that the digital VCR will 
cope with existing television formats, as well 
as HDTV, recording each singly in a single 
baseband format. In addition, it is to be able 
to record a bit stream, so that it could repro¬ 
duce MPEG-2 material through a TV set’s 
decoder. The consortium currently hopes 
the first digital VCRs will reach the market 
in 1997. 

Satellite broadcasting is also going digi¬ 
tal. DirecTv Inc., El Segundo, Calif., a unit of 
GM Hughes Electronics, in cooperation with 
France’s Thomson CSF and others, is this 
year initiating a digital NTSC direct broad¬ 
cast satellite system. The first of two broad- 


I cast satellites was to be launched this past 
I December; the second will go into orbit in 
' the middle of this year. 

Given success with the first launch, trans¬ 
mission will begin this April. On the receiv¬ 
ing end, these high-powered satellites will 
require only 45-cm dishes—the smallest so 
far—compared with the 1-3-meter dishes of 
current satellite receivers. The receiver 
packages—the dish, a decoder box, and a 
remote control—^will sell for around $700. 
Hughes will launch DirecTV, initially with 
50 channels, rising to 150 when the second 
satellite is launched, and it will sell any sur¬ 
plus broadcast capacity to others. 

Meanwhile, Primestar Partners, Bala Cyn- 
wyd. Pa., which currently sends analog satel¬ 
lite programming to rural subscribers across 
the United States, will be switching to digi¬ 
tal NTSC broadcasts in the first quarter of 
this year, company president John Cusick 
told Spectrum. By mid-year, Primestar ex¬ 
pects to be sending 70 digital channels to its 
0.9-meter dishes. 

Both satellite systems will use the MPEG- 
2 digital video compression standard. 
CHOOSING ALLIES. Meanwhile, the companies 
that operate broadcast and cable networks 
are planning to bring interactive TV into the 
home one way or another. First to be imple¬ 
mented: interactive technologies that com¬ 
bine cable, over-the-air, or satellite TV trans¬ 
missions with radio broadcast transmissions. 

In 1992 the FCC allocated the 218-219- 
MHz frequencies in the VHF band for use 
with interactive video and data services. In 
September, the commission issued by lottery 
two licenses, each for nine major cities, out 
of a planned group of 734 service areas in the 
United States. Winners of the licenses are to 
create an interactive network by building 
systems similar to today’s cellular networks. 

Three companies have emerged to pro¬ 
vide interactive technology to the licensees: 
Interactive Network, Mountain View, Calif.; 
Radio Telecom & Technology, Riverside, 
Calif.; and Eon (formerly TV Answer), Res- 
ton, Va. Services could include games, 
on-screen TV listings, automated VCR pro¬ 
gramming, home shopping, and home finan¬ 
cial management facilities, as well as educa¬ 
tional programming. 

Interactive television that operates using 
only cable or telephone networks is also seen 
as arriving soon. The key—moving to digital 


While most attention has been fixed on new TV broadcast systems, 
Schneider AG, Turkheim, Germany, has developed a display that 
uses a laser to produce the picture. Today's cathode-ray tubes 
use an electron gun to activate red, green, and blue phosphor 
dots to create a picture; in the proposed laser system the laser itself 
produces the colors of the picture, which can be displayed on any 
front or rear projection surface in any size. The company indi¬ 
cated that laser TV would be particularly suitable for displaying 
large high-definition pictures. Schneider is also promoting the 
environmental benefits of laser TV, in that it should require only 
20 percent of the energy used by conventional picture tubes and 
also be easier to dispose of since it lacks the bulky tube with poten¬ 
tially toxic screen coatings. 
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transmission from the current analog for¬ 
mat—will require today’s analog set-top box 
to yield place to a digital smart set-top. 

Current cable boxes have minimal elec¬ 
tronics: analog tuners, a microcontroller, 
about 128 bytes of RAM, a few kilobytes of 
ROM, and a low-speed modem that is told 
which channels to descramble. The next gen¬ 
eration, predicts David Frankel, director of 
technology for the Smaby Group, Minneapo¬ 
lis, will add a second microcontroller and 
more memory to run electronic program 
guides; they will also have a port for a digital 
decompression processor and another for a 
processor and memory to run interactive 
applications [see top figure, previous page]. 

Such smart set-tops are being designed, 
and they will start to be sold next year. 
According to Craig Tanner, vice president 
for advanced television projects at Cable 
Television Laboratories, Boulder, Colo., cable 
operators are already committed to buying 
$2.6 million worth. General Instrument’s facil¬ 
ity in Hatboro, Pa., for example, expects to 
begin shipping a smart set-top in November. 

At the least, digital transmission will mean 
more channels, theoretically allowing a cable 
operator to transmit simultaneously 10 VCR- 
quality programs (or up to she NTSC-qual- 
ity programs) for every one of today’s analog 
channels. Megachannel systems will enable 
something close to video on demand, Frankel 
said, with a movie restarting every 15 min¬ 
utes. (True video on demand allows viewers 
to order from extensive tape libraries, to 
fast-forward, to pause, and so forth, just as 
if they were using a VCR.) The first 
megachannel systems will be tested this year 
and may start to be installed outside the test 
markets. They will require more expensive 
computer hardware on both ends of the cable 
line, but no major infrastructure changes. 

More complex applications, which let 
users play games, order merchandise, obtain 
coupons on request from attached printers, 
and engage in other interactive pursuits will 
require infrastructure upgrades if they are 
to be efficiently implemented—^what Time 
Warner Cable, Stamford, Conn., calls fiber to 
the neighborhood, said Walter Ciciora, the 
company’s vice president of technology. The 
upgrades are under way. Ciciora said Time 
Warner expects to have 6 million of its 7.1 
million subscribers on fiber-to-the-neigh- 
borhood networks within four years. 

Numerous experimental networks are 
being put into place by Time Warner and oth¬ 
ers, and interactive applications will be tested 
throughout the year in Orlando, Fla.; Castro 
Valley, Calif.; Chicago; Denver, Colo.; Omaha, 
Neb.; and perhaps other places. 

While no one is entirely sure which inter¬ 
active services consumers will use—and pay 
for—^both network providers and hardv^e 
manufacturers see a gold rush coming and 
are creating teams to fight for a piece of the 
profits. A typical team might include a net¬ 
work provider, a software provider, and a 
computer hardware company. So far, the 
teams include the following: 


• Time Warner, Silicon Graphics, Scientific 
Atlanta, Toshiba, and Hewlett-Packard. 

• Kaleida, Motorola, and Scientific Atlanta. 

• TCI, Sega, and Time Warner. 

• Microsoft, Intel, and (Jeneral Instrument. 

• Philips Electronics and GTE Vantage. 

• U.S. West, the 3DO Co., AT&T, and Digi¬ 
tal Equipment. 

• Novell and Geoworks. 

It will be several years before smart set¬ 
tops are as ubiquitous as today’s cable con¬ 
verters. In the meantime, for interactive TV 
applications, the technology of choice is the 
compact-disc ROM (CD ROM). 

Interactive video for the home 


Again, developers of this interactive tech¬ 
nology did not band together to select a stan¬ 
dard, choosing instead to fight it out in the 
marketplace. And the battle has begun. A 
gaggle of interactive video systems have 
been introduced or announced [see table, 
below], using 16-, 32-, and 64-bit processors; 
custom graphics chips, animation chips, and 
sound chips; playing audio CDs and video- 
game cartridges; and displaying pho¬ 
tographs. Some will survive; most will go the 
way of the Betamax. 

To software developers, which technology 
wins hardly matters. “We just hope one of 


CD capability, 
standard and 
Cartridges proprietary 


Super Nintendo Entertainment 
System (Nintendo Co.) 


Genesis (Sega Enterprises Ltd., 
Tokyo) 


Genesis with Sega CD 


Photo CD (Eastman Kodak Co., 
Rochester, N.Y.) 


Video Information System (Tandy 
Corp., Fort Worth, Texas) 


LaserActive (Pioneer Eiectronics, 
Tokyo; Sega Enterprises, NEC 
Home Electronics) 


Jaguar (Atari Corp., Sunnyvale, 
Calif.) 


CD audio 
and photo 


■Edh 

Audio 

Photo 

Video* ($249) 


CD ROM ($600 
attachment) 
Audio 
Video 


CD ROM ($200 
attachment 
due late 1994) 
Audio 

Photo & Video 


CD ROM 
Audio 

Photo & Video 


CD ROM 
Audio planned 
Video* ($250) 


Project Reality (Nintendo Co. and 

Silicon Graphics Inc., Mountain 
View, Caiif.) 


No name yet (Sony Computer 
Entertainment Inc., Tol^o) 


on cartridge. — = not applicable or not supplied ASIC = application-specific integrated circuit; 
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them wins, and soon,” Rob Fulop, creative 
director of PF Magic, a San Francisco-based 
interactive video producer, told Spectrum. 

These systems may even play feature 
films. Philips, Matsushita, JVC, and Sony last 
year set a standard, compatible with the cur¬ 
rent TV standards of different countries, for 
recording VHS-quality video material on 
CDs. The system relies on the MPEG-1 format 
for video encoding; decoders should be avail¬ 
able this year for audio CD players, CD-ROM- 
based entertainment media, and computers. 

While CD movies are expected to be a 
powerful selling point for interactive CD- 


based systems, today’s disc can store only 
74 minutes of video, and most feature films 
are longer. Higher densities are possible with 
current technology, however. Today’s sys¬ 
tems use lasers with a wavelength of 680 
nanometers; high-density systems would 
move to a 570-nm wavelength, which, with 
reduced track spacing and pit size, can store 
four times as much information as on exist¬ 
ing CDs. That would be enough for 4 hours 
of video at the MPEG-1 transfer rate, or 2 
hours with a doubled sampling rate using 
MPEG 2. They would also permit the use of 
a 20-bit audio-sampling rate (the current CD 


standard uses 16-bit sampling). Denon Amer¬ 
ica Inc., Parsippany, N.J., demonstrated a 
quad-density prototype CD last year, and 
Philips is said to be preparing a draft stan¬ 
dard for high-density compact discs. Further 
in the future, when blue lasers become com¬ 
mercially available, are even higher densities. 
A prototype blue-laser system was demon¬ 
strated by Nimbus, Monmouth, Gwent, UK, 
last year. 

Even vnthin today’s CD standards, CD 
audio has been improving as manufacturers 
address the audiophiles’ lament over the lost 
subtleties of analog recordings. Several com- 


Hardware Marketing 


Processor 
(CPU clock) 

Custom coprocessors 

RAM: main, 
video, audio 
(cycle time) 

Resolution 

Animation 

speed, 

million 

pixels/s 

Colors dis¬ 
played 
simulta¬ 
neously 

Price 

No. of software 
titles available 
by 1/1/94 (first 
shipped) 


8-bit (2 MHz) 


2 kb plus 2 kb ’ 

video 

256 X 240 


" i6-‘^ 

'US'f60-$80' ' 

"687 (10/85) " 


16-'bit65C816 

(3.58,2.68, and 1.79 
MHz) 

8-bit sound plus 16-bit 
graphics; plus in some 
cartridges Super FX 
chip is RISC chip for 
graphics acceleration 

128 kb plus 64 kb 
video (279 ns) 

512x448 

1 

32 768 

$90-$150 

266 (8/91) 

n 

16-bit MC68000, 

Z80 (8 MHz) 

, Graphics PV 

j 512 kb plus 512 kb j 
r video plus 64 kb i 
f audio (525 ns) ] 

329 X 224, 

320 X 448 

1 1 i 

I : 

64 

$100 

>300 (fall 1988) 


MC68000 
(12.5 MHz) 

Graphics 

— ■' i 

r . .... i 

*■'320x 224, 

320 X 448 

LJ : 

64 

$100+ $230 

77 (11/92) 

__ 

r 

! 




192 X 128 to 
6144 X 4096 


16.7 million 

>$199 

Self-generated 
(from personal 
photos)(6/92) 


16-bit Motoroia 

68070 (15 MHz) 


1 MB plus 1.5 Mb 
in add-on digital 
video cartridge 
(varies) 

384 X 768 i 

i 

i 

16 million ■ 

$499-$599 

125(10/91) 

1 




320 X 200, 

320 X 400, 

640 X 200, 

640 X 400 


16 million 

$399 

70(11/92) 


16-bit with Sega CD 
ROM add-on; 8-bit 
with NEC CD-ROM 
add-on 


1 

! 

. 1 




$970 

400 cartridge 
titles, plus 10 in¬ 
teractive titles on 
12-inch laser 
discs (8/93) 


64-bit custom 
processor 
(26.6 MHz) 

2 ICs containing 4 
processors (for DSP, 
graphics, objects, and 
blitter/shader) 

2 MB plus 4 kb of 
graphics processor 
cache RAM plus 8 
kb of DSP cache 

RAM (80 ns) 

160x100 to 
720x592 with 
32-bit color 

850 

16.7 million 

$250 

4(11/93) 


32-bit Rise CPU 
(12.5 MHz) 

3 (2 for graphics, 1 for 
. DSP) 

2 MB plus 1MB i 
video (80 ns) i 

640 X 480 

64 

16.7 million : 

$700 

20 expected 
^ (10/93) 


Motorola 68EC020 
—32-bit (14 MHz) 

4 (for video, graphics, 
and sound) 

2 MB, plus RAM 
on custom video 
and audio chips 
(120 ns) 

320 X 200 to 
1280 X 400 

7 

256 000 

$399 

50-100 (9/93) 


64-bit MIPS RISC 
microprocessor 
(100 MHz) 

Silicon Graphics ^ 

graphics coprocessor i 
and ASICs i 


"Corhpatfble w. 

future HDTV 
standards 



Target: $250 

(late 1995) 


~ 







(end of 1994) 


CD ROM = compact-disc read-only memory; CPU = central processing unit; DSP = digital signal processing; RAM = random-access memory; RISC = reduced-instruction-set computing. 
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40Kf; Digitalization ami integration portend a change In life-style 


In recent years, the consumer electronics 
industry has been in a slump. At fault is not 
only the global economic recession but also 
the lack of attractive new products to drive 
the market, as the color 
7/ television set, videocassette 
********* recorder, compact disc 
player, and camcorder did in the past. 

Now, however, another boom is about to 
begin, one that may lead to life-styles marked 
by a different division between what we now 
call work and leisure. The foundation for this 
revitalization is being laid by the industrywide 
move from analog to digital signals and by the 
integration of audio, video, and computer- 
based equipment. 

Audio digitalization started with the intro¬ 
duction of the compact disc (CD) in 1982, 
soon followed by digital audio tape. These 
technologies, together with the recent intro¬ 
duction of the mini-disc and the digital com¬ 
pact cassette, established digital audio in the 
consumer market. 

Today, digitalization is being pursued 
aggressively in consumer video. A key indus¬ 
try annoimcement during the year was the 
establishment of the High Definition Digital 
VCR Conference by 10 companies, led by 
Matsushita, Philips, Sony, and Thomson. The 
conference, which is open to industry partic¬ 
ipation, is to define a set of high-definition 
specifications for consumer digital-VCR (D- 
VCR) standards. These standards are to be 
designed around a basic specification, in the 
hope that this will become a worldwide for¬ 
mat. If that happens, manufacturers will be 
able to make videocassette recorders (VCRs) 
using the D-VCR standard for all analog and 
digital high-definition formats, as well as for 
the current PAL, NTSC, and Secam formats. 

An important part of the move to digital 
products is the effort under way by the Mov¬ 
ing Picture Experts Group (MPEG) to stan¬ 
dardize the bit-reduction algorithm for digi¬ 
tal audio and video signals. The current 
MPEG-1 standard is suitable for bit rates of 
up to about 1.5 Mb/s. A second standard, 
MPEG 2, is being developed for coding much 


higher frequency signals, including that of 
high-definition TV (HDTV). (Contrariwise, 
analog HDTV is gaining popularity in Japan, 
where less expensive HDTV sets have been 
introduced and HiVision Laser Discs and the 
W-VHS VCR have been announced—the 
discs by Matsushita, Sanyo, Sony, and others, 
and the VCR, which can record high-definition 
signals with close to high-definition quality, 
by Victor Co. of Japan, or JVC J 

A significant aspect of the digitizing trend 
is that all types of data, whether audio, video, 
or computer-based, can be treated on the 
same platform. This integration will be cen¬ 
tral to a highly diverse next generation of con¬ 
sumer electronic products, 
which in turn will generate new 
markets. These integrated 
products need not combine 
functions from all these areas; 
even effectively utilizing two or 
more will give birth to products 
with exciting possibilities. 

Consider the personal intel¬ 
ligent communicator, based on 
technologies from General 
Magic Inc., Mountain View, 

Calif., and promoted by an 
alliance of industry leaders: 'So WB Will go thnugh a 



Apple Computer, AT&T, Mat- chlcken-and-egg periotf 
sushita. Motorola, Philips, and with many nsw Ideas 
Sony. This product combines a being Offered tO the 
personal terminal with com- consumer' 
munication devices like the dig¬ 
ital cellular phone (now being launched in the 
United States and Europe), allowing users 
to keep in close touch with the office by link¬ 
ing up remotely with various information ser¬ 
vices. With these new devices, people will 
be able to communicate and gather informa¬ 
tion in powerful new ways. 

Recent announcements include the New¬ 
ton models from Apple and Sharp. The ad¬ 
vanced communication facilities such models 
offer will open the door to the possibility of 
downloading music or even a movie into a 
hand-held system, thus moving these prod¬ 
ucts into the area of personal entertainment. 


The push toward integration will also 
merge what we now call a TV set with a PC 
into a single multimedia system equally use¬ 
ful at home and office. These sets will be con¬ 
figured in a variety of ways and with a range 
of capabilities. The main technology devel¬ 
opments required here will be faster, low- 
cost, low-power large-scale ICs, as well as 
storage devices, high display resolution, and 
color liquid-crystal displays. 

As the digitalizing and integrating trends 
of 1993 continue, the classical boundaries 
between the consumer electronics, com¬ 
puter, and communication industries will 
eventually fade. It is tempting to try to coin 
a term to classify these promis¬ 
ing new products, for the word 
most used—“multimedia”— 
still has no one definition. In 
fact, it is still unclear what type 
of multimedia product the cus¬ 
tomer wants. 

What is clear, though, is that 
these products could lead us to 
a completely new life-style. Of 
course, until they are av^able, 
this new life-style cannot de¬ 
velop; and until this life-style 
begins to develop, the types of 
products it requires remain 
uncertain. So we will go 
through a chicken-and-egg 
period with many new ideas 
being offered to the consumer. 


Only some will hit the mark and when they 
do, they will touch off a new generation of 
products that will make major changes in 
how we divide our work and leisure time. 

Teruak/ Aoki (M) is senior general manager of the 
Recording Media Products Group of Sony Corp., 
Tokyo, where he is responsible for all recording 
media business. He previously was head of Sony's 
R&D corporate planning group, where he had con¬ 
trol of the corporate R&D budget, the promotion of 
new strategic initiatives, and the creation of new 
business areas. He has served on Sony’s board of 
directors since 1989. 


panies, including Sony, Denon, and Pacific 
Microsonics, are using a dithering process to 
produce audio on a 16-bit system that for 
quality of sound compares well with a 20-bit 
sampling rate. This mathematical requanti¬ 
zation, said Almon H. Clegg, a consultant to 
Denon, extends the dynamic range, lowers 
the noise floor, and reduces distortion. 
DIGITALLY YOURS. Not all the technological 
action these days is in the TV room. A new 
category of consumer electronic devices 
made its debut last year: the personal digi¬ 
tal assistant (PDA), or personal intelligent 
communicator (PIC), or generic personal dig¬ 
ital device (PDD)—the industry seems 
unable to agree on a name. Whatever they 
are called, these hand-held computers with¬ 
out keyboards use a stylus and a touch-sen¬ 


sitive tablet for input, as well as PCMCIA 
cards for storage. They are designed to 
maintain an address book and a calendar, and 
can link the two. They also allow simple dia¬ 
grams to be drawn and stored, as well as 
short notes to be written, and will search and 
sort stored data. With (or some without) an 
upgrade, they can send faxes, use electronic 
mail, and receive wireless pages. 

The Newton got the most press in 1993. 
It was shipped first in August by Apple Com¬ 
puter Inc., Cupertino, Calif., as the Mes- 
sagePad and by Sharp Electronics Corp., 
Osaka, Japan, as the ExpertPad. The $700 
computer is based on an ARM 610 processor 
with a custom application-specific IC, 4 MB 
of ROM, and 640 kB of RAM. Casio Inc. and 
Tandy Corp. jointly introduced the $700 


Zoomer PDA in October. Amstrad PLC, Lon¬ 
don, introduced the PenPad PDA600 ($500) 
in May. AT&T’s entry in this category, at 
over $20(X), including a wireless modem, was 
the EO Personal Communicator. 

Other computer and consumer electronics 
companies are reportedly developing PDAs 
as well, including Sony and Compaq Com¬ 
puter Corp. 

PDAs live or die on the strength of their 
handwriting recognition, and so far that tech¬ 
nology has proved weak. Newton’s errors were 
even the butt of a series of jokes in “Doones- 
bury. ” So while these devices may prove use¬ 
ful in later incarnations, the first generation 
representatives appear to be mere flashy gad¬ 
gets, though third-party software may go far 
toward making them more useful. ♦ 
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PCs and workstations 



he long-anticipated union 
of PCs and workstations 
began in earnest last year, 
ushering in another era in 
computing. Each group 
ceded the central proces¬ 
sor slot to the latest chips 
based on reduced-in¬ 
struction-set computing (RISC): Alpha, 
MIPS, PA-RISC, PowerPC, and microSparc. 
Complex-instruction-set computing (CISC), 
meanwhile, is not dead, certainly not in note¬ 
book computers and microcontroller-based 
systems; but its future in the general-pur¬ 
pose computers of the next millennium is 
moot. 

RISC is to be seen in all sorts of systems, 
from supercomputers to TV sets. This ubiq¬ 
uity has coincided on the operating system 
side with Windows NT’s introduction and the 
increased standardization of Unix. The up¬ 
shot is that in 1994 companies will need less 
time to deploy reliable networks based on the 
client-server architecture—-one of last year’s 
most popular phrases. 

Like distributed client-server computing, 
multimedia and interactive video communi¬ 
cations are new pillars on which modern 
businesses are now being built. 

Traditional office equipment will tie in to 
computers easily this year, and companies 
will shift to operations that are fully inte¬ 
grated yet distributed throughout the en¬ 
terprise. As standards for the electronic 
transmission of documents emerge, the less- 
paper, if not paperless, office will arrive. 
MICROSOFT’S HARD DRIVE. It was not RISC 


seemed that NT would be Past and futurc Uhix Unit salcs 

Microsoft’s unifying OS, bringing 
DOS and Windows together for all 
time. Then, as NT’s introduction 
drew nearer, the company said 
that the new product would not be 
a replacement for Windows 3.1 and 
DOS but, rather, an OS targeted 
at those early adopters who could 
make use of its unique attributes. 

Instead of displacing Windows 3.1, 

NT would move Microsoft into 
new territory. The company that ®o,^p'’^J’,ers I 
got its OS start in cloning Unbc for r 

the PC would take on Unix itself. 

According to The Wall Street 
Journal, the latest word on Win¬ 
dows NT-—from no less a source 
than Microsoft chairman William 
Gates—has it that “The sales are 
above our expectations. The cor¬ 
porate acceptance is above our Millions of Unix systems, past and projected 

expectations. The software accep- The Unix operating system is still unmatched for avail- 
tance is above our expectations.” ahilUy across the full range of computer platforms. Data- 
However, he would not state what quest said compound annual growth is close to 30 percent. 
those expectations had been nor 



say what sales actually were. In mid-Novem¬ 
ber, Paul Maritz, senior vice president of 
Microsoft’s Systems Division, said that NT 
was undergoing evaluation at many sites and 
that over 200 000 units of the OS had been 
shipped. In contrast, the number of Unix 
shipments for all of 1993 was projected at 
1.7 million by Dataquest Inc., Cupertino, 

Calif., which said that the amount spent on 
Unix has been growing at an average annual 
rate of about 20 percent since 1991. To fur- 
alone that called CISC’s viability into Uipui fPfJTV 
question; it was the latest version of "•UnLIUn la 
Windows, which had been CISC’s | RISC-bSSBil COmpUtBfS lltVStlB CISC tBIfltOfy Unlike NT, however, the Microsoft 

—--*— i-nc-i Work OS will support real-time, 

preemptive multitasking, and it will 


explode,” claimed Eric Steenburgh, president 
and chief executive officer of office-equip¬ 
ment supplier Ricoh Corp., West Caldwell, 
N.J., a wholly owned subsidiary of Ricoh Co., 
Tokyo. Telephones, PBXs, faxes, modems, 
personal digital assistants, optical-character 
readers, printers, copiers, and computers will 
all communicate with one another. Like NT 
itself, Microsoft at Work is based on a layer 
of software acting as a buffer between the 
manufacturer’s hardware and the rest of the 
system software. And manufacturer 
and user alike can add to software. 


ZTrSSX's^; ■ MultimBilia svstBms mushmm 

mer by Microsoft Corp., Redmond, | ACtlVB-matTiX SCrBBHS QBt hVPBr 
Wash.,givesgreaterfre^omofhard | floteHOOk CPP tilSplaV IP tUlBB PimBPSiOPS 

ther impede NT’s growth, IBM is planning 
a late-year unveiling of its Workplace OS, 
based on a refined version of the MACH ker¬ 
nel developed by Carnegie Mellon University, 
Pittsburgh. 

Still, Microsoft’s move into corporate 
computing will be relentless this year, as the 
company builds not only on NT but on its 
coming release of Window 4.0 and, more 
importantly, the Microsoft at Work OS blue¬ 
print. Unveiled in June, the Microsoft at 
Work OS will integrate office equipment into 
an enterprise-vsdde network. “Microsoft at 
Work is the catalyst that lets this market 


ware choices to users. Formerly, any 
who wanted a 32-bit environment for exist¬ 
ing Windows and DOS applications had to 
depend on an underlying Intel architecture. 
With Windows NT running on most of the 
new RISC processors, those in the market 
for a new computer can finally focus purely 
on performance without worrying about 
hardware compatibility. 

Despite what seem to be the obvious 
advantages of Windows NT, Microsoft spent 
1993 fine-tuning the market’s perception of 
its “New Technology.” As of late 1992, it 


Richard Comerford Senior Editor 


require much less RAM than the 16 
megabytes that NT needs to run in a 
reasonable fashion. Microsoft at Work 
devices will communicate with Windows 
operating systems using Microsoft’s message 
application binary interface (MAPI). 

What puts real teeth in Microsoft at Work 
is industry support. Over 70 companies 
worldwide—among them AT&T, Bell At¬ 
lantic, British Telecom, Casio, Cannon, Com¬ 
paq, Ericsson, Hewlett-Packard, Intel, MCI, 
Motorola, NEC, Oki, Philips, Ricoh, Sprint, 
Toshiba, Xerox, and Yamaha—are commit¬ 
ted to supplying Microsoft at Work products 
or services. 

The scope and breadth of Microsoft’s 
attack has finally driven the Unix community 
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to get its act together. On Oct. 11,1993, the 
networking software giant Novell Inc., Provo, 
Utah, turned over the Unix trademark to 
X/Open Co., the Reading, UK-based inter¬ 
national open-systems organization, where¬ 
upon Unix finally stopped being the pawn of 
competing companies. 

The Open Software Foundation (OSF), in 
Cambridge, Mass., issued standards for a dis¬ 
tributed computing environment (DCE) last 
year that allow Unix systems produced by 
competing vendors but in compliance with 
those standards to operate easily together in 
a network. Rivalry among tool vendors has 
already heated up—it’s a “dog fight,” accord¬ 
ing to Rich Hug, senior vice president of 
research and development at Mtool Corp., 
Goleta, Calif. Softool, the leader in software 
change- and configuration-management 
tools, is delivering CCC/Harvest, a DCE-com- 
pliant client-server package for heteroge¬ 
neous networks, this month. 

OSF continues work on standards for the 
distributed management environment CDME), 
with whose help administrators could ob¬ 
serve, maintain, and control heterogeneous 
networks. The standard should be released 
officially later this year, but 1993 saw com¬ 
panies begin positioning themselves to sup¬ 
ply integrated, DME-compliant suites. 

There were lots of rumors last year about 
what is coming next in operating systems. 
The scuttlebutt about future offerings from 


Microsoft, IBM, and Taligent suggests that 
those OSs will be built on a kernel like 
Carnegie Mellon University’s MACH, be¬ 
cause that is better attuned to working with 
software objects. In other words, they sound 
a lot like NeXTStep, from NeX'T Inc., Red¬ 
wood City, Calif. 

NeXT’s operating system may just be 
tenacious enough to survive until the world 
is ready for a new approach to computing; 
the $10 million injection NeXT received from 
Sun Microsystems should help keep the OS 
alive. With NeXT opening up the OS and 
rechristening it OpenStep, the product will 
certainly have undergone more thorough 
testing and debugging than its competitors 
by the time they are released. 

WHY NEW HARDWARE? Whether or not com¬ 
panies decide to commit themselves to a 
major shift in their core software, they seem 
ready to splurge on new computer hardware. 

In light of the degree to which low-end sys¬ 
tems have penetrated the market (a poll of 
IEEE Spectrum readers last year found that 
over 90 percent had PCs at work and at 
home), shouldn’t sales of new systems meet 
with high resistance? 

Perhaps not. Luckily for computer sup¬ 
pliers, there is a real need for more power. 
Resource-hungry applications like interac¬ 
tive multimedia and computer-integrated 
video teleconferencing have gone from being 
pipe dreams to necessities. Although corpo- 
Digital 

video camera 

Microphone 



rations may not be happy about the need to 
accept shorter hardware life cycles, many 
are now amortizing small and mid-sized com¬ 
puters on a three-year basis. 

Thus the search for better performance 
will translate into sales, and the battle for the 
high ground goes on. When delivering the 
four-processor version of the SparcStation 
10 in early 1993, Sun Microsystems Corp., 
Mountain View, Calif., could claim it was the 
highest-performance system on the market. 
Last fall. Digital Equipment Corp., Maynard, 
Mass., had laid claim to the title for its cur¬ 
rent systems and demonstrated a 320-MHz 
alpha system as a statement of where its 
technology is going. Taking the most con¬ 
servative view, RISC clock speeds will dou¬ 
ble during the next two years, so the top of 
the hill has not been reached by any means. 

High-performance Alpha- and PowerPC- 
based processors will appear not only in 
desktop systems, but in notebooks and sub¬ 
notebooks as well. 

DISPLAY TRENDS. Portable and notebook com¬ 
puters remain the strongest force driving 
new screen technologies. Although the dis¬ 
play industry has already invested heavily in 
manufacturing facilities for active-matrix liq¬ 
uid-crystal displays Q^CDs), that did not stop 
several designers from conjuring up new 
technologies [Spectrum, November, p. 18]. 

Two of the more promising candidates for 
lightweight displays are an active-addressing 
LCD from Motif, Wilsonville, Ore., and the 
plasma-addressed display from Tek¬ 
tronix Inc., Beaverton, Ore. 'The first 
simplifies the electronics built into the 
screen, which becomes easier to man¬ 
ufacture; the second can perform at 
video speeds and be made in large 
for wall-mounted flat-panel tele- 


More workers this year will 
be using personal multime¬ 
dia systems as their chief 
means of computing and 
communication. The desk¬ 
top systems will provide 
audiovisual contact with 
colleagues, access to time- 
variant information, and 
three-dimensional repre¬ 
sentations of computer- 
aided design data over 
high-speed networks. 
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MOTHERSOLE: In the end, the best technology usually wins the battle 


Last year was another big year for the micro¬ 
processor. New devices appeared from lead¬ 
ers in semiconductors (Intel and Motorola) 
and workstations (Sun Microsystems, 
Hewlett-Packard, IBM, and 
IV/jV/i/l/Zi’U Digital Equipment): clones 
also showed up from Ad¬ 
vanced Micro Devices, Cyrix, and Texas 
Instruments. Fueled by all this activity, the 
debate over the architecture of future com¬ 
puters heated up still further. 

On the one side, Intel and X86 clone mak¬ 
ers such as Advanced Micro Devices (AMD) 
and Cyrix are fighting to maintain the domi¬ 
nation of the X86 architecture. On the other, 
makers of reduced-instruction-set comput¬ 
ing (RISC) chips predict that dire inroads into 
that domination will be made by their prod¬ 
ucts’ performance and cost advantage. 

The real issue concerns the advancement 
and application of new technology—how 
industry migrates to and exploits new tech¬ 
nology over time while struggling to main¬ 
tain compatibility with the past. 

Historically, businesses and consumers 
have moved to new technologies faster than 
predicted. A few examples are the color TV, 
the compact disc, the cellular phone, and the 
personal computer. Originally, all were said 
to be too expensive or too complex to 
become a dominant standard. Yet each went 
on to become a market success. 

In the PC arena, the industry migrated 
from 8- to 16- to 32-bit microprocessors in lit¬ 
tle over a decade. Before each migration took 
place, it was argued, again, that compatibil¬ 
ity and cost made it not worth the effort to 
move the installed base. Yet software appli¬ 
cations moved quickly to exploit the latest 
in microprocessor technology. 

As a late entry, IBM was expected never 


vision. (The first commercial flat-panel TV was 
introduced in Japan by Matsushita Electric 
Industrial Co., Osaka, with a hefty price of 
¥ 288 (XX) to match its hefty weight of 16 kg.) 

Meanwhile, other Japanese companies are 
looking to improve LCD computer screens by 
going from a glass substrate to a plastic one. 
A recent study by Japan’s K&T Institute 
shows that development programs to put 
plastic LCDs into mass production have 
revived. The study suggests that 640-by-480- 
pixel displays destined for portables (where 
their light weight and durability would give 
them a strong advantage) could be in mass 
production sometime between 1995 and 1997. 

A recent technology development may 
turn notebook screens into true stereo¬ 
scopic, virtual-reality-ready displays. VREX 
Inc., Hawthorne, N.Y., has developed a plas¬ 
tic laminate called |jlPo1 that overlays micro¬ 
scopic polarizers on a flat screen. Donning 
a lightweight pair of polarized glasses, the 
observer sees three-dimensional images. 

The convergence of multimedia and desk¬ 
top teleconferencing was first seen last year 


to amount to much in the workstation mar¬ 
ket. But thanks to an excellent combination 
of advanced superscalar processor and com¬ 
piler technologies, Big Blue rose to be one 
of the top four workstation suppliers in its 
first few years in the business. 

What drives this migration to new tech¬ 
nology? There are several factors. First, new 
and enhanced applications always emerge 
to latch onto the latest advances, "rhe newest 
advanced user interfaces from 
operating-system and applica¬ 
tion vendors always seem to 
require as much or more per¬ 
formance than is currently 
available. Ever notice that 
whenever you upgrade to the 
latest PC model, you seem to 
run out of processor perfor¬ 
mance or disk space shortly 
after the next releases of your 
applications are installed? 

As object-based environ- 



easy task, in view of Intel’s skill at squeez¬ 
ing every last ounce of performance out of 
the X86 architecture. But if RISC gains a per¬ 
formance advantage, the market will move. 

In terms of exploiting technology, there is 
another angle to consider. Compare the X86 
and PowerPC product families. On the one 
side, there are Mel, Cyrix, and AMD, all com¬ 
peting head to head in the market. The result 
is three independently developed product 
lines, all with about the same 
set of products—^multiple ver¬ 
sions of 386,486, and so on. 

Now look at PowerPC, 
where Apple, IBM, Motorola, 
and others are working to¬ 
gether to define and produce a 
common set of products. Joint 
processor development yields 
the latest products for low 
power, for low cost, for desktop, 
and for high-performance ap¬ 
plications, all developed in par¬ 
allel; the resources are coordi¬ 
nated, not competitive. 

The great debate will con¬ 
tinue throughout the ’90s. This 


ments are adopted, the need for 7f techttOlogv USUaUy 
performance will accelerate Wins OUt over time, 
again. In addition, software envi- SUCCess COmes down tO 
ronments are moving steadily Which architectures and 
toward hardware and architec- Which companies Can hest year may see the resolution of 
ture independence. A greater expioit new techooiopif some issues as RISC-based 
number of portable applications OUickiy' personal computers are intro- 

and operating systems make duced and the next round of 

technology consumption and migration easier, processors from both sides appear. 


Finally, users want choice. The open systems 
dream of the ’80s still lives. 

So if technology usually wins out over 
time, success comes down to which archi¬ 
tectures and which companies can best 
exploit new technology quickly. Take the 
RISC versus CISC debates. For the market 
to truly take advantage of RISC, it must 
demonstrate its superiority over CISC—no 


Great marketing can sometimes delay 
new technology, but it cannot stop it. Over 
the long haul, advanced technology usually 
wins out. 

Dave Mothersole (M) is vice president and director 
of engineering for Motorola Inc. 's RISC Micro¬ 
processor Division, Austin, Texas. He is responsible 
for Motorola's work in developing PowerPC chips. 


in the Indy system, from Silicon Graphics 
Inc., Moimtain View, Calif. Leveraging the 
advanced three-dimensional graphics for 
which the company is known. Indy is the first 
low-cost system (under $5000 in a diskless 
version) to offer a built-in digital color video 
camera. Included in the bundle is Indigo 
Magic, a new environment for manipulating 
multimedia. 

Last summer, Apple Computer Inc., 
Cupertino, Calif., sought to strengthen its 
position in desktop multimedia by introduc¬ 
ing the AV series of multimedia-ready sys¬ 
tems. It also began shipping the first com¬ 
puter display with built-in stereo speakers 
and microphone. Not to be left out, Toshiba 
Corp., Tol^o, introduced the first “portable” 
multimedia system, but its size and weight 
really make it a transportable system for 
bringing presentations to customer sites. 

Helping to make multimedia a reality this 
year (Dataquest forecasts a triple-digit 
increase in multimedia-related sales in 1994) 
is the peripheral component Merface (PCD 
local bus. Hammered out by hundreds of 


original-equipment manufacturers, tool mak¬ 
ers, and vendors, the low-power bus can 
move data at 132 MB/s, easily fast enough 
to keep up with high-frame-rate video. What 
is more, the arcMecture is not tied to any 
specific microprocessor, so hardware can be 
switched between systems. 

IN STORE. Spurred by the market’s hunger for 
multimedia [Spectrum, “Interactive Multi- 
media,” March 1993, p. 22-39], the real 
growth in storage systems this year, like last 
year, will take place in compact-disc (CD) 
ROM drives. Demand not only for multime¬ 
dia-ready computers and add-on players but 
also for CD-ROM recorders will rise sharply. 

Today, CD-ROM recording hardware can 
be added to a computer for under US $5000, 
and a recordable disc costs $18 or less. So the 
hardware is affordable by anyone who wants 
to “author” a disk, even for such limited pub¬ 
lication runs as marketing presentations or 
newsletters. The publishing industry has 
already jumped on the bandwagon, and CD- 
ROM publications like From Alice to Ocean 
are setting high standards . ♦ 
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Software engineering 



s this business plows 
ahead into 1994, its course 
is being altered by two 
factors: object-oriented 
programming techniques, 
and client-server teclmol- 
ogies. Neither is exactly 
new, but they have finally 
reached the stage of development where 
they are prepared to enter full-scale deploy¬ 
ment. While both are sometimes confused 
with markets, they are in fact valid pro¬ 
gramming techniques. Now they are being 
widely accepted after some years of discus¬ 
sion between tool and software-application 
developers. 

Both technologies promise better deploy¬ 
ment and utilization of current and future 
resources. Client-server techniques distrib¬ 
ute processing tasks across the network, let¬ 
ting the systems or software best suited to 
a particular task handle it. Client-server is 
somewhat similar to distributed processing, 
which was all the rage several years ago, 
except that task distribution is based more 
on functional fit than on processor availability. 

Object-oriented technology lets an 
object—a software entity consisting of the 
data for an action and the associated 
action—^be reused in different parts of the 
application, much as an engineered hardware 
product can use a standard type of resistor 
or microprocessor. 

Underlying the acceptance of object-ori¬ 
ented methods of software development is 
a real concern for programming productiv¬ 
ity. But object-oriented languages and meth¬ 
ods make nonsense of the former 


itive, but it is improving. This year vendors 
are adding project-management support and 
quality support.” 

He adds that a significant problem in the 
software-engineering arena is the basic need 
to make software development easier. So 
today, he said, object-oriented methods and 
CASE are both being used as tools for build¬ 
ing client-server systems. 

Although they are receiving much atten¬ 
tion, Jones believes client-server applications 
are numerically a small part of the develop¬ 
ment projects going on. He estimates that 
one half of software programming is infor¬ 
mation systems applications, one quarter is 
military, and one quarter is system software 
for real-time control applications. Client- 
server development makes up about 10 per¬ 
cent of the information-systems develop¬ 
ment, he estimates. 

Still, even CASE tool vendors report some 
image problems. “The customer associates 
CASE with claims of productivity gains,” said 
Rob Pritt, president of Evergreen CASE 
Tools, Redmond, Wash. “CASE wasn’t the 
solution, but good methods, management, 
and so forth were. The results of CASE have 
been products that weren’t late or over bud¬ 
get, which is better than late or over bud¬ 
get. But everyone expected early and under 
budget [programs] or better, more accurate 
[development]. Now end users are wary— 
the need is to sell on benefits, not hype.” 
Evergreen, whose products started as share¬ 
ware, makes development tools that run on 
PCs and under Microsoft Windows. 

What software developers do to stream¬ 


standard approach to measure- HIGHLIGHTS 

ment—counting lines of code-and 
function points seem to have taken 
over. According to Capers Jones, 
president of Software Productivity 
Research Inc., Burlington, Mass., the 
Function Point User Group holds con¬ 
ventions attended by more than 300 compa¬ 
nies plus all of the Fortune 500. 

CASE BACKLASH. The original answer to pro¬ 
gramming productivity problems—com¬ 
puter-aided software engineering (CASE)— 
has not been the panacea promised by earlier 
hype, making many in the industry reluctant 
to use the acronym. But surely the term is a 
natural way to describe techniques of devel¬ 
oping (or engineering) software with auto¬ 
mated help from computers. As Jones said, 

“CASE suffered in the past from being prim- 


Object-orienteil technology gets moving 
Client-server makes headway 
Craft must hecome industrial process 
Quality is a universal concern 


David A. Gabel Contributing Editor 


line their work, cut costs, and rid the final 
product of error remains CASE, whatever 
else it may be called. But to overcome that 
term’s negative connotations, new names are 
developing to replace it. For example. Mer¬ 
cury Interactive refers to “automated soft¬ 
ware quality,” a term that more closely des¬ 
cribes what the company’s tools do, according 
to Amnon Landon, chief operating officer. 

Tools from the Santa Clara, Calif., com¬ 
pany let software developers test their work 
as they go along. Having this capability not 
only improves software quality by catching 
bugs, it also saves money. Bugs cost more 
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to remove the closer it is to the time to prod¬ 
uct release, and the fewer bugs there are in 
a final release of a software system, the less 
maintenance is later incurred. 

Mercury’s XRunner is an automated soft¬ 
ware testing system that runs under Unix X 
Windows. It uses object-oriented text to 
record and replay test operations, and its 
built-in Test Script Language (TSL) enables 
developers to write a test program while 
working on an application program. Testing 
can run overnight or over a weekend. The 
company’s WinRunner software is similar, 
except for running under Microsoft Windows. 

Software engineering has many think 
tanks and user organizations at work on 
improving the discipline. Jones’s organization 
is one. Another is the Object Management 
Group (OMG), Framingham, Mass., whose 
goal is standards for the use of object-ori¬ 
ented techniques in developing software. 
With the growing use of object-oriented pro¬ 
gramming languages such as C-h- and with 
the increased complexity of software, the 
standards are catching on. 

Chris Stone, OMG president, told IEEE 
Spectrum that object-oriented technology 
works well not only in its own right, but with 
client-server computing as well. “A very hot 
topic is to distribute object technology using 
an abstract interface,” he said. Programmers 
can use an object to deliver data to a client or 
the workstation, rather than specify a trans¬ 
portation protcol like TCP/IP. “It makes life 
a lot easier for distributed development appli¬ 
cations,” Stone said. 

For now, OMG has been focusing on 
object-oriented technologies for the 
GLFI and the operating system, but 
Stone sees a big opportunity for 
object-oriented transport tools. 
“Transport-oriented software tools 
are pretty bad, and that’s changing. 
That’s what will drive client-server 
technologies,” Stone predicted. 

He added that widespread adoption of dis¬ 
tributed technology and abstract interfaces 
will lead to a polymorphic interface. Such an 
interface would allow for the use of one inter¬ 
face for many different functions and envi¬ 
ronments, and would allow industry to finally 
realize the promise of object-oriented soft- 
ware.“Then you could start to develop a com¬ 
ponent software business,” he said. 

Having such components would not only 
provide a new opportunity for marketing 
software. Being able to design software sys¬ 
tems using components—ones that could be 
pretested and fully debugged before they are 
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church to go to,” Mazzucchelli said, “but we 
are trying to sell the religious artifacts.” The 
company recently announced a new prod¬ 
uct that encompasses these two techniques, 
called Ensemble Viewer, and is also planning 
a major revision of its product Teamwork, 
to be introduced early this year. 

Evergreen, too, will bring out a CASE tool 
that will support several object-oriented 
methods. Called EasyCASE for Windows, it 
will incorporate Shlaer-Mellor and Rum- 
baugh et al, although Pritt said Shlaer-Mel- 


Pure Software’s Purify reads object files gen¬ 
erated by existing compilers, adds error¬ 
checking instructions, and feeds the output 
to existing linkers. Existing debuggers con¬ 
tinue to work with purified code. 

delivered to the user—^would place software 
engineering on a more solid footing. Stone 
believes this will also be a major benefit; he 
said, “We need less art and more engineer¬ 
ing. [Software development] should be a real 
engineering discipline.” 

Like Jones, Stone is a proponent of mak¬ 
ing the tools easier to use. He notes that 
most people derive tools from a language 
base, as has been the situation with CASE. 
But people using CASE tools need some 
framework, which is why companies have 
been adding GUIs, object builders, object 
request brokers, and the like. “The GUI 
crowd’s moving in that direction,” he said. 
“Microsoft, for example, will make OLE 
[object linking and embedding] more distrib¬ 
uted for Microsoft products.” 

ALL ABOARD. For tool makers, it’s an object- 
oriented bandwagon by now, according to 
Lou Mazzucchelli, vice president and chief 
technical officer of Cadre Technologies Inc., 
a leading provider of CASE tools. Located 
in Providence, R.L, his own company pro¬ 
duces a tool called Object Team, which sup¬ 
ports the Shlaer-Mellor methodology for 
object-oriented programming, used mainly 
by people involved in mission-critical 
applications. 

Jones sees the mission-critical, system- 
software side as a hot ticket for object-ori¬ 
ented programming. But the military, which 
he points out is a very large user of such 
software, is generally lagging in the object- 
oriented and client-server area; it is still 
using Ada versions for development, rather 
than the newer object-oriented languages. 

But the evolving nature of object-oriented 
technology creates problems for the tool 
makers. Referring to the numerous method¬ 
ologies now being used or in development, 
Mazzuchelli said that “there are a thousand 
points of light,” and each has its adherents. 
Software-tool developers find themselves in 
the position of having to satisfy the demand 
for all of them, or at least those that are gen¬ 
erally in use. 

For instance, the method developed by 
Rumbaugh et al. is widely used, as is Shlaer- 
Mellor. “We are not telling people what 




Software engineering tools, like tools used for hardware engineering, present software in 
graphical terms for the engineer. Teamwork OOA, from Cadre Technologies, produces a 
representation that focuses on objects and their relationships and behavior. 
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I lor is becoming outdated. “There are quite 
a few technologies available,” he added, “and 
they are gradually being adopted by us and 
other CASE vendors and by the users.” 

“So far, we have seen the early adopters,” 
said Pritt. “By about the middle of next year, 
people will really be using it. The object-ori¬ 
ented authors are maturing, the third edi¬ 
tions of their books are out, and they are 
bringing out their own tools.” 

Object-oriented techniques are well suited 
to real-time systems, which are used heav¬ 
ily in engineering applications. Although 
good engineering requires a common way 
of expressing designs and common design 
standards, those elements are misssing for 
software architectures. 

“What is a software architecture?,” rhetor¬ 
ically asked Dave Nettles, director of process 
improvement at the Software Productivity 
Consortium, Herndon, Va. “How is it repre¬ 
sented, and what does it represent in soft¬ 
ware? There is no general agreement.” Net¬ 
tles said that with hardware changing as 
frequently as it does, and software changing 
to keep up, clear definitions of architecture 


are vital. “We’re working on it,” he said. “We 
have a software-reuse program that attempts 
up to seven views of the architecture.” 

GOOD FOR BUSINESS. Defining different ways 
to look at architectures, with the aid of 
object-oriented techniques, will probably help 
consortium members who work on real-time 
systems, such as aircraft-control software. It 
should also help business developers in the 
transaction market, who are busily develop¬ 
ing client-server applications. In fact, client- 
server techniques, largely used in commer¬ 
cial software development, can complement 
object-oriented techniques, according to 
Mazzucchelli. “Some people get confused, 
thinking they are exclusive,” he said. “But 
they are orthogonal, they do not compete. 
You could build batch applications with 
object-oriented technology.” 

“With the workstation,” said Mazzucchelli, 
“you can tightly couple the graphics with the 
processor,” which eliminates the need for a 
network host to perfom GUI generation 
tasks. “So 99 percent of all client-server 
work today is offloading the GUI to the desk¬ 
top. As the networks got better, then dis¬ 


tributed computing became possible, and that 
made client-server computing possible. Now 
we have to come up with the tools to handle 
the applications.” 

Client-server technology started to appear 
in 1993, agreed Evergreen’s Pritt. “It’s 
already getting like expert systems a couple 
years ago, when it almost seemed people 
were saying, ‘Buy this car, because it’s got 
expert-system technology.’ ” Evergreen is 
working on a client-server tool now, and has 
just signed a joint-development agreement 
with PowerSoft, a maker of client-server 
development tools in Burlington, Mass. 

Of equal importance with client-server 
and object-oriented methods is the push for 
quality improvement and process improve¬ 
ment. Vendors, users, and large software 
developers all are concerned. “There is a 
growing frustration with producing quality 
software,” said Mark Box, vice president of 
Pure Software Inc., Sunnyvale, Calif. “Battles 
in the database industry for the business of 
IS Vs [independent software vendors] are 
being fought on quality, not features. Service, 
support, and reliability are becoming more 


TROY: It’s time to make softwam development an industrial process 


Software development will have to become 
an industrial process before computer-aided 
software engineering (CASE) can fulfill its 


industrialization by such means as capital 
investments and parts reusability, CASE can 


activity of too many practitioners. titioner’s holistic knowledge of the develop- 

In contrast, an architect designing a build- ment process. High-level modeling tech- 
ing analyzes the environment in which it is to niques, embedded in object-oriented tools, 
potential. In the ’80s CASE had the reputa- be situated, defines the design parameters, and second-generation CASE can automate 

I tion of being a luxury. But calculates the stress levels and dimensions, code generation. As a result, programmers 

if management makes a and then draws up a blueprint; 
commitment to this area’s the architect does not pains- I 

takingly lay bricks. Today’s I 
software engineers are the I 


become a competitive necessity that will take equivalent of bricklayers, not 


architects. 

Some pundits assert that the 


the field into the next century. 

First, though, we must develop a critical 
attitude to application development as it is way to better software devel- 
today, questioning its deepest assumptions opment lies in re-engineering, 
and analyzing the changes that must be the latest buzzword. But a 
made, by programmers as well as manage- close scrutiny of the present 
ment, if software is to achieve mass produc- state of affairs is likely to 
tion. For if software engineering does not reveal that software engineer- 
change, it vrill lose its ability to respond com¬ 
petitively to customer-driven opportunities. 

The CASE of the ’9()s therefore must be 
buttressed by industrial doctrines such as 
capitalization, continuity of production, re¬ 
usability of components, and asset manage¬ 
ment—the tenets of a new world economy. 

The coincidental emergence of object-ori¬ 
ented environments is already supplying 
libraries of reusable software objects. And as 
the decade unfolds, management will have to 
remodel software engineering so as to be 
able to measure programmers’ performance 
against corporate fiscal practices and policies. 

The programming community is resistant 
to such a change, by and large. It prefers the 
view that it is a village of artisans. Tempers 


will engineer programs, 
rather than grind out code. 
Visualization, for instance, will 
improve the quantity, quality, 
and creativity of their output by 
orders of magnitude. 

To avoid past mistakes, 
though, we can no longer 
afford a blind faith in technol¬ 
ogy. Object orientation, the lat¬ 
est craze, must do more than 
dazzle the marketplace with its 

_„_ ^ kaleidoscopic array of features. 

ing has no methodology at all, ‘We have found that Software engineering must 

and therefore nothing to re- Ohject Orientation’s reuse adopt the sober methods of 



engineer. Managers have set- Capahiliries increase 
tied into a routine that, despite productivity OVerati hy 
a torrent of new tools such as Pt ieast 50 percent, With 
object orientation and second- 00 limit in Sight' 
generation CASE, recalls the 


days of punched-card programming. 


civil, electrical, and other engi¬ 
neering disciplines. After all, 
the new world economic order 
is predicated on rigorous time- 
to-market schedules. 


At the core of this new paradigm will be 


Whatever the reasons for this area’s lack reuse. Just as other engineering disciplines 
of a true engineering process—whether are structured around a core assumption, 

resistance by programmers, technological software engineering will combine technol- 
flux, or managers’ resignation to long turn- ogy with industrialized processes to achieve 
around times—they can no longer be toler- maximum reusability of software. In effect, 
ated. We are about to witness the engineer- reusability is at the root of an industrial sott¬ 
ing of software development (and then, ware-engineering process, in which the parts 

perhaps, its re-engineering). The transition bin becomes a library of software compo- 
is comparable to the industrial revolution, nents. 
can run high, output can slow to a trickle, and when craftsmanship was overtaken by econ- We have found that object orientation’s 

persons with lofty degrees are quite content omies of scale that applied reuse and mass reuse capabilities increase productivity over- 

to sit at their workstations and vmte code production techniques on a grand scale. all by at least 50 percent, with no limit in 

character by character. A mythology of hand The first wave of the software engineer- sight. The capitalization of reuse Ubraries— 

craftsmanship and wizardry permeates the ing revolution attempts to utilize the prac- that is, considering them corporate assets— 
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important. [Increases in] productivity are 
coming mainly because of improved quality, 
since big applications are harder to get right.” 

Pure Software delivers testing and analy¬ 
sis tools to the developers that let them tune 
the code as they are developing it, by ana¬ 
lyzing run-time performance, for example, or 
by looking for memory leaks, important in 
graphic applications. The company designed 
its Purify package to find run-time errors 
and last year improved it with incremental 
linking. This technique, by relinking only 
those portions of code that have been modi¬ 
fied since the last link, saves up to 90 percent 
of the link time needed for application devel¬ 
opment. Its Quantify package, on the other 
hand, checks for run-time performance, so 
that the performance can be tuned. 

Higher-quality software needs less main¬ 
tenance, and so costs the developer and the 
user less. This is the same phenomenon in 
software as in hardware. Hardware compa¬ 
nies of all kinds that have made commitments 
to quality standards, such as the international 
ISO 9000 guidelines, find that the cost of 
attaining the required quality levels is offset 


provides management with a rationale for 
applying industrial process concepts to soft¬ 
ware development. Managers will soon see 
that staying the course in existing develop¬ 
ment programs may hurt their careers. 

Reuse and industrial processes for soft¬ 
ware engineering come not a moment too 
soon. We have a user revolt on our hands. 
In the past, software was doled out by either 
a vendor or the staff of an internal manage¬ 
ment information system; both turned a deaf 
ear to the end user’s concerns. The final 
product provided too little, too late. But the 
software marketplace has now been com¬ 
mandeered by users, as evidenced by the 
explosion of personal productivity applica¬ 
tions and graphical user-interfaces at very 
reasonable prices. 

Let us remember the lesson learned by 
those large corporate users attempting to 
migrate millions of lines of expensive pro¬ 
prietary code to distributed open systems. 
Those who wrote and documented all this 
proprietary software are long gone to other 
jobs. Now management has to deal with the 
consequences. 

To do so effectively, managers must adopt 
three guiding principles. They must redefine 
the role software developers play within the 
corporate culture. They must see that 
reusability is incorporated into every pro¬ 
gram design. And they must insist that soft¬ 
ware production meet the same perfor¬ 
mance standards they would expect of any 
other industrial process. 

Robert Troy is founder and president of Verilog SA, 
Toulouse, France. He is also chief executive officer 
ofLogiscope Technologies Inc., Dallas, Texas, a 
wholly owned subsidiary. 


Rising cost of fixing errors as deveiopment advances 



As the software development project moves towards completion, the cost to repair an error in 
the application soars. Development economics thus argue strongly for testing and tuning soft¬ 
ware as early as possible in its life cycle, preferably before the integration phase. 


by savings accruing from the increased prod¬ 
uct quality they enjoy. “Seventy to 80 percent 
of the cost of software development is main¬ 
tenance,” said Stone from the Object Man¬ 
agement Group. “And maintenance hasn’t 
changed much.” He added that usually a 
user’s system crashes because of an unfore¬ 
seen software problem, and developing code 
free of such errors becomes harder the more 
complex systems get. All these efforts— 
object orientation, reusable software, client- 
server structures—are aimed at finally turn¬ 
ing the art of software development into an 
industrial process; to engineer it, in short. 
Nettles said that just as hardware improves 
every five years, so should software. 

NEEDED NOW. In fact, it’s no secret that soft¬ 
ware is badly in need of that hardware capa¬ 
bility today. Nettles pointed to the Motorola- 
Lockheed Iridium project—a global network 
of communications satellites for personal 
communications—as an example of a soft¬ 
ware project that needs good industrial 
methods. “The amount of software in that 
boggles the mind. We need industrial prac¬ 
tices to define the software and we need to 
get repeatable software to improve the pro¬ 
cess. That has been missing in the past, but 
now there is a big movement to get to that.” 

The capability-maturity model is a big dri¬ 
ver in the DOD [Department of Defense], 
he noted. This model has been developed by 
the Software Engineering Institute, and has 
been adopted in the DOD to the point that 
requests for proposals will state that a bid¬ 
ding company must commit to improvement 
or have attained a certain level.“It is much 
like ISO 9000,” he said. “You cannot sell in 
Europe unless you have ISO 9000certification.” 

Of course, measurement of software 
development processes is critical to their 
improvement. Nettles pointed out that no 
one can institute statistical process control 
on a process that varies widely as it goes 


along. “That’s why the thrust is process,” he 
explained. “There is a definite relationship 
between changes in process and improved 
quality or reduced time. People used to do 
testing with a big super integration test, but 
have found that it is more productive to do 
testing along the way. [Today] the new test¬ 
ing is not just executing the software, but try¬ 
ing to be sure that the requirements are 
right in the first place,” he concluded. 

Stone also thinks that using object-ori¬ 
ented techniques will require a change in the 
way productivity is measured. He noted that, 
wiA the object-oriented approach, software 
development could break down into creating 
classes—like a print object, for example— 
and a librarian to check the classes in and out. 
So productivity assessments will have to 
measure such activities. 

Stone believes that object-oriented tech¬ 
niques, by allowing users to develop their 
ovm applications, will change the present 
application developer into a class developer, 
producing the classes of objects not only for 
development of a specific application but also 
for reuse. “If you make components cheaper 
and of higher quality,” he said, “then you’ll 
dodge a lot of maintenance headaches.” 

As the call for better quality and reduced 
maintenance gets stronger, as tools such as 
object-oriented methods make it possible to 
reuse code encapsulated into interchange¬ 
able objects, and as testing paradigms 
improve, perhaps the arcane craft of soft¬ 
ware engineering will indeed enter the indus¬ 
trial age. If it does, it cannot help but bene¬ 
fit all connected with the development of 
more and better software. 

And as the role of the developer changes, 
so will that of the user, who. Stone believes, 
will be able to develop more of her own appli¬ 
cations. Object technology, embodied in lan¬ 
guages such as Microsoft’s Visual Basic and 
Visual C++, is already doing that. ♦ 
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Application software 



ompanies that deal in 
application software for 
electrical engineers found 
their territory expanding 
during the past year. The 
availability of highly capa¬ 
ble hardware, as well as the 
introduction of the oper¬ 
ating system, Windows NT, opened up the 
market to many new platforms. 

In addition, users are demanding software 
that can cope with new tasks. Vendors of cir¬ 
cuit-synthesis tools are finding that analysis 
must be coupled with design. Vendors of 
mathematical analysis tools, whose mainstay, 
has been numerical analysis, are now pro¬ 
viding symbolic manipulation as well. Every¬ 
where, vendors say, one of the principal pres¬ 
sures is the need to network engineers into 
corporate data, so that engineering design 
data may be shared with manufacturing, reli¬ 
ability calculations can flow from design 
work, and so forth. 

To quote Doug Dennis, mechanical com¬ 
puter-aided design (CAD) segment market¬ 
ing manager at Silicon Graphics Inc., Sun¬ 
nyvale, Calif.: “I think from the end user’s 
standpoint, there is tremendous pressure 
both to share electrical and mechanical data 
and to share it in a much easier fashion.” The 
shorter time to market and packaging con¬ 
straints everyone faces mean companies 
must be able to generate data as quickly as 
possible, and communicate it to everyone, he 
amplified. 

THE GUI BANDWAGON. Everywhere, too, soft- 


Today, “the trend is more to Windows,” 
he told IEEE Spectrum. “Anyone who is not 
there is trying to get there. Everyone is say¬ 
ing they’re committed to Windows NT, and 
most are writing to the Win32 interface. 
That’s what’s happening from a technical 
point of view.” 

Indeed, a quick look at the catalog of appli¬ 
cations for the Win32 interface for Windows 
NT reveals a 5-cm-high stack of applications, 
tools, development systems, and more—all 
aimed at that particular interface. C-h- com¬ 
pilers are either available or coming soon 
from the pubhsher of Windows, Microsoft 
Corp., Redmond, Wash.; from Borland Inter¬ 
national, Scotts Valley, Calif.; from DECwest 
Engineering, Bellevue, Wash, (a Digital 
Equipment subsidiary); from Imagesoft Inc., 
Port Washington, N.Y.; and more. Fortran, 
too, is available, or soon will be, from 
Microsoft and from Absoft Corp., Rochester 
Hills, Mich. In addition, a variety of tools for 
instrumentation control, data analysis, math 
modeling, and design are all being ported to 
this interface. 

CROSS-PLATFORM CAPABILITY. Such a ground- 
swell has been generated because of ±e new 
operating system’s cross-platform capability. 
Although a great many engineering tools run 
under the Unix operating system, most plain 
old productivity tools—spreadsheets, data¬ 
base managers, word processors, and the 
like—run on personal computers under DOS 
and Windows. The frequent result has been 
a less-than-optimum use of hardware. 

“Many engineers today work in an envi- 


ware compames are jumpmg on the |f|n|f| inuTO 
graphical user-interface (GUI) band- HIUlfLIIlIf IO 
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ronment where they have a workstation in 
their area for specialized applications,” said 
Brian Moran, one of Microsoft’s managers of 
technical evangelization (yes, that’s the title 
he goes by). “But they also have a PC for 
some word processing or some electronic 
mail. Now, with NT, you don’t need two” com¬ 
puters, he added. 

Windows NT wiU run on MIPS R4000 
processors, on Sun UltraSparc workstations, 
on Intel-based PCs and clones, and on the 
Alpha processor from Digital Equipment. No 
announcement has been made concerning 
Hewlett-Packard Co.’s PA/RISC (reduced- 
instruction-set computing) processor, nor has 


to find errors or anomalies in infor¬ 
mation given a graphical format. 

For example, Scitech International, Chi¬ 
cago, a distributor and publisher of scientific 
and engineering software, offers a graphi¬ 
cal data analysis package called Stat Lab, 
from the French company SLP SA. Stat Lab 
“is a statistical analysis tool with a high focus 
on exploratory data analysis,” explained Ken 
Kornbluh, the company’s president. It “is 
designed to be highly interactive. You don’t 
need to go over the data set, because you can 
interactively work [in a graphical format] 
with the data that’s been gathered.” 
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there been any official word on those Intel 
processors that are slated to follow Pentium, 
although it’s a good bet that Windows NT will 
nm on them as well. Also, Microsoft and 
Motorola Inc.’s RISC Microprocessor Divi¬ 
sion, Austin, Texas, will put NT on PowerPC 
turf, where IBM hopes to build its OS future. 

Moreover, Windows NT is a 32-bit oper¬ 
ating system that, unlike Windows 3X, does 
not require DOS. Yet NT also runs 16-bit 
applications, the norm for productivity soft¬ 
ware packages, though as Moran admitted, 
“when an apphcation touches the hardware 
[and bypasses the operating system], the 
emulation mode will trap it.” 

With all this hardware compatibility, it’s no 
wonder that Digital Equipment is bullish on 
NT. Don Jenkins, worldwide director of elec¬ 
tronics for the company’s discrete manufac¬ 
turing and defense unit, Marlboro, Mass., 
boasted that not only NT but also Unbc will 
run across the whole line of Alpha systems, 
ranging in price from about US $5000 to 
about $900 000 (for enterprise file servers). 

“Our initial announcement was for NT 
only, but at that time we stated that our strat¬ 
egy is NT and Unix across the product line,” 
Jenkins said. “Many customers want to look 
at a platform that runs both, and with Alpha, 
you get the same system to do both.” 

The desire to move across platforms and 
operating systems is evident in all sorts of 
applications: packages for statistical analysis, 
design, verification, and instrumentation con¬ 
trol, for example. What’s happening is that 
the greater test and measurement world is 
wholeheartedly embracing open 
standards on which the computer 
business has been working, accord¬ 
ing to Chris Van Woerkom, product 
manager of Hewlett-Packard Co.’s 
VXI Systems Division, Loveland, 
Colo. 

“Everyone’s been on PCs and 
workstations, and suppliers aren’t on just one 
platform, ” he explained. “There are DOS, 
Windows, and Windows NT, and Unbc vari¬ 
ants as well. There is a lot more cross-plat¬ 
form work.” Van Woerkom’s product, HP 
VEE (for Visual Engineering Environment), 
has itself been ported to the DOS and Win¬ 
dows environments, and also runs on 
Hewlett-Packard and Sun workstations. 

Van Woerkom added that at the front end 
of their software applications, people are 
offering more standardized interfaces. HP’s 
standard instrument software (SICL), for 
one, is opening up its interfaces, and people 
are porting their software to it, a trend that 
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is quite recent. For example, he said, there is 
a version of VEE bundled with Data Trans¬ 
lation’s data acquisition products. 

LabView, a competitor of HP VEE, comes 
from National Instruments Corp., Austin 
Texas. This package, too, runs on a variety of 
platforms, including Windows and Sparc 
workstations under Solaris LX or 2.X. Like 
HP VEE, LabView permits users to employ 
graphical methods to program the operation 
of instruments connected by the IEEE-488 
instrument bus, the VXI bus, and RS-232 
connections. Simply by indicating what 
instruments are connected to the system and 
how, users instruct LabWindows to generate 
a C program that supplies them with con¬ 
trol and data-handling instructions. 

At last year’s Wescon show and exposition 
in San Francisco, National introduced a new 
package: LabWindows/CVI (C for virtual 
instruments), a 32-bit development environ¬ 
ment running under Windows or X Windows 
on Unix-based SparcStations. National does 
not yet have a version for Windows NT, 
although software marketing manager Ray 
Almgren promises that one is under devel¬ 
opment. “Since LabView has a compiler in iL 
we have to do a bit of different porting. We 
have to cross-compile,” he said. 

GETTING THE JOB DONE. Notwithstanding all 
the ferment in operating systems, users still 
want tools that get the job done quickly and 
easily. That, declared Jim Tung, vice presi¬ 
dent of business development, is the mis¬ 
sion of The MathWorks Inc., Natick, Mass. 

“Our business is taking math and hiding 
it from the user,” he said. “We create tools for 
doing engineering and scientific work without 
fooling with the math. We focus on the appli¬ 
cations that can be derived from the math.” 

The company’s product, MatLab, accom¬ 
plishes this by providing so-called toolboxes 
that serve specific applications, such as con¬ 
trol system design or signal processing. Mat- 
Lab for Windows has just been introduced. 

Something else is happening at the com¬ 
pany, too: it has continued to integrate dif¬ 
ferent functions into its products. “MatLab 
always had numerical analysis,” explained 
Tung. “We just announced a new toolbox for 
symbolic computations.” A partnership with 
Waterloo Maple, the developers of the Maple 
language, made the computational kernel of 
Maple available for a toolbox. 

According to Tung, this combination of 
tools for numerical and symbolic manipula¬ 
tion will be useful to people working with sys¬ 
tems modeling. In the past, he said, there 
were no packages that provided for symbolic 
manipulation as well as numerical analysis, so 
users who needed both had to have two pro¬ 
grams. But “that was all import/export iiv- 
en,” he noted, which is not “how engineers 
want to pursue workflow. The trend is for the 
environment to include all those functionali¬ 
ties [engineers need], so that users can work 
in a much more continuous fashion.” 

As for the proliferation of micropro¬ 
cessors—^and platforms—that will run engi¬ 
neering-tool software, Tung sees it as some- 


SpectrumWare from National Instruments Corp. is the kind of software application that runs 
on a variety of platforms — Windows, Macintosh, and Sun workstations. It allows the user 
to simulate a spectrum analyzer on one of the computers, and comes bundled with the com¬ 
pany’s signal-acquisition boards. 


thing that will be confusing to customers, at 
least in the short run. But he said it would 
have little impact on MatLab tools. “We, like 
many, are in the mode of wait and see how 
they [new systems] perform, and how people 
will use them,” he said. But he foresees peo¬ 
ple continuing to work in a heterogeneous 
environment, with a mix of machines, with no 
one manufacturer winning out. “So it’s 
important to have the tools work well in all 


possible environments,” he concluded. 

DADiSP, which uses the worksheet 
metaphor to display and analyze data, resem¬ 
bles MatLab. DADiSP creator DSP Devel¬ 
opment Corp., Natick, Mass., also introduced 
new instrumentation control modules last 
year, as well as a 32-bit Wmdows version of 
its software and a module for statistical 
analysis. In fact, the list of hardware that 
DADiSP supports reads like a who’s who of 


DADiSP software from DSP Development Corp. is used for analyzing real-world variables. 
Here data from an automobile engine test run are analyzed in a four-window worksheet using 
peak analysis, statistics, integration, and level counting and spectral-analysis techniques. 
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computer workstations, including as it does 
PCs, Sun SparcStations, IBM RS/6000 work¬ 
stations, HP 9000 workstations. Digital 
Equipment VAXs, Alpha AXP workstations, 
and Silicon Graphics workstations. 

Product manager Lisa Kempler of DSP 
Development said that her company’s cus¬ 
tomers inhabit surprisingly heterogeneous 
environments. They have Sun servers, HP 
workstations, and DOSAVindows machines 
within the same lab. There has been a lot of 
movement to Windows, but “we kept things 
very portable using C and X,” she maintained. 
“It is fast and OS independent. For our new 
version 3, it took only a month to port to ah 
platforms that we support.” 

She pointed out that DSP Development 
sells more applications for PCs and clones 
than for any other group. But there is as 


much interest in it for workstations as for 
PCs, despite new Windows systems and new 
processors. 

“Windows NT, from our perspective,” she 
explained, “is nothing but another platform 
to port to.” There is also the Unix standard 
to port to. “It’s more work for the producer, 
and the user has to choose,” Kempler con¬ 
tinued. DADiSP is not yet available for the 
Windows environment. 

The DADiSP program is a visual-analysis 
and data-acquisition tool. People have 
learned that studying tables is unhelpful. 
Engineers analyzing data know what they 
should be seeing, and can look for the pat¬ 
terns they want, to see if they exist. The 
problem is that in many applications, such 
as a process control environment, so much 
data is available that the picture can become 


quite clouded. DADiSP, claimed Kempler, 
makes it easier for users to get the infor¬ 
mation they need and to display it in an easy- 
to-analyze format. 

A COMING EXPLOSION. Engineers designing 
high-frequency systems found out last year 
that one of their sources for design and 
analysis software, EEsof Inc., Westlake Vil¬ 
lage, Calif., had been acquired by another of 
those sources, Hewlett-Packard. 

HP EEsof was founded in 1983 to develop 
and sell microwave design software. At first, 
80 percent of its sales were accounted for 
by microwave tools and the remainder by RF 
tools, but over the past few years those pro¬ 
portions have reversed exactly. The coming 
explosion in the market for such digital com¬ 
munications products as cellular phones, 
global positioning systems (GPSs), and wire- 


These are fine so far as they go, but the 
working communications engineer has to 
deal with many more impairments than these 
simple tools can handle. This is where mod¬ 
ern system simulators are invaluable; they 
can simulate the ideal effects and also allow 
the designer to examine the effects of real- 
world impairments, such as non-ideal filter¬ 
ing, amplifier nonlinearities, interference, 
fading, and a host of other factors. 

One of the most exciting developments 
in communications is the likely widespread 
adoption of spread-spectrum systems for use 
in the crowded, band-limited portions of the 
spectrum typically found in urban environ¬ 
ments. These code-division multiple-access 
(CDMA) systems have been shown to offer 
the highest capacity in such environments. 
One of the more challenging parts of this 
design is ensuring that the pseudo-noise 
sequence at the receiver is synchronized 
with the transmitted pseudo-noise sequence. 
Using a modem system simulator, a designer 
can analyze the efficacy of various hardware 
implementations. 

As the use of digital communications 
becomes more pervasive in our work, system 
architects and designers will be creating and 
validating other systems, which will be as 
complex as those built around spread-spec¬ 
trum technology. With the new liids of elec¬ 
tronic design automation tools now emerg¬ 
ing from suppliers’ workshops, that design 
will be accomplished seamlessly, and in less 
time. These tools will make designers more 
productive, reduce time to market, and help 
to usher in that second half of the Informa¬ 
tion Age. 

William H. Childs (M) in 1983colounded EEsof Inc. 
to provide high-frequency analog design software 
for the engineer. He served the next 10 years as 
EEsof's executive vice president of product devel¬ 
opment Since the October acquisition of EEsof by 
Hewlett-Packard Co., he has assumed responsi¬ 
bility as R&D manager of HP EEsof's Westlake 
Village, Calif, facility. 


CHILDS: Hew all-in-one tools will increase designers’ productivity 

As a young engineer in the early ’70s, I 
helped design a satellite system primarily 
intended for applications in digital commu- 
nications. I can vividly 
JJJsUJuiJTJfU remember marketing analy- 
ses that showed how rela¬ 
tively little commercial communications data 
was transmitted in digital form at that time. 

This particular satellite system, despite the 
designers’ best intentions, wound up provid¬ 
ing mostly good old analog television services 
in the 12- and 14-GHz bands. Digital commu¬ 
nications services simply did not develop as 
quickly as had been anticipated. 

Today, of course, the use of 
data communications is huge 
and ever increasing. Examples 
include communications based 
on fiber optics, very small- 
aperture terminals, and wire¬ 
less local-area networks, as 
well as digital cordless and cel¬ 
lular telephones. 

As for the future, virtually all 
communications systems will 
be entirely digital, with the ana¬ 
log variety becoming an ana- ‘It'S very Clear that... 
chronism. It’s very clear that, the second half Of the 
as predicted by such visionar- Information Age will see 
ies as William Gates (Informa- the commonplace USe Of 
Hon at Your Fingertips) and Computers and the data 
George Gilder (The Telecosm), they process... causing 
the second half of the Informa- Startling social Change ’ 
tion Age will see the common¬ 
place use of computers and the data they pro¬ 
cess sent over digital data communications 
networks causing startling social change. 

A consequence of the growth in new com¬ 
munications systems is a rising level of design 
activity. Indeed, the number of new design 
starts may be growing exponentially. What is 
more, the increase in this activity comes with 
an increase in design complexity. The 
designer responsible for developing new com¬ 
munications systems and components must 
deal with a complicated, challenging environ¬ 
ment. Digital data must be processed, modu¬ 



lated onto an RF waveform, and transmitted 
through a noisy and nonlinear channel full of 
interfering signals and other impairments. 
Then it is demodulated and processed once 
more, to yield the original data. One of the 
most exciting recent developments in this 
area is the growing use of fairly complex dig¬ 
ital signal-processing (DSP) circuits or sys¬ 
tems to compensate for noise, nonlinearities, 
interference, and fading. 

But this messy environment, with all its 
less than ideal characteristics, demands new 
kinds of design tools that will allow the engi¬ 
neer to address all a design’s 
problems at once. He or she 
can select these tools from two 
broad categories: those that 
emphasize the simulation and 
design of the DSP portion, 
while characterizing the chan¬ 
nel rather simply and idealisti¬ 
cally, and those that emphasize 
the physical modeling of the 
channel and treat the DSP por¬ 
tion as part of the overall vali¬ 
dation. The former type is gen¬ 
erally favored early in the 
design process, during the 
“thinking” or conceptual stage. 
The latter is probably used 
more in the “doing” or imple¬ 
mentation stage, where the 
chief concern is that the sys¬ 
tem or subsystem meet its 
specifications—regardless of the non-ideal 
behavior of its constituent components. 

Some designers are turning to convolution 
coding and Viterbi decoding for the signal pro¬ 
cessing in digital communications systems. 
Digital data can be coded at various rates on 
the transmit side and decoded on the receive 
side, leading to impressive gains in error-free 
transmission for a given transmit power. The 
available Communication System Modeling 
results for these codes in the literature are 
based on ideal filtering and white Gaussian 
noise. 
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Being able to visualize numeric results is an important feature in a lot of new application 
software. Here MatLab 4.0 for Windows has produced a color spectrogram [left] of the sig¬ 
nal shown in the lower right-hand window. 


less data-acquisition systems has produced 
this sea change. 

“Any wireless system will comprise some 
RF components and DSP,” said HP senior 
scientist Jeremy Bunting. “You build one 
board with all the parts” and it keeps costs 
low. Of course, designers then need a soft¬ 
ware tool to handle all parts of the system on 
that single printed-circuit board, which is 
exactly what Bunting claimed his product can 
do. In the past year, he declared, “we launch¬ 
ed EEsof Series IV, where we integrated all 
the tools under one industry-standard GUI.” 

This, however, does more than handle the 
components themselves, since at high fre¬ 
quencies complex events befall physical sys¬ 
tems. Designers working with a single board 
incorporating all the technologies needed for 
wireless applications—digital signal pro¬ 
cessing (DSP) and nonlinear RF, for start¬ 
ers—must be able to put their hands easily 
on the software tools they need. 

“The technology issues are pertinent,” 
Bunting noted. “The boards radiate, couple, 
and so forth. Before, people hadn’t had to 
face this kind of problem. You have to ana¬ 
lyze the effects of all the components on the 
board, and all their couplings.” But the HP 
range of tools, built around components 
operated at high frequency, can cope, said 
Bunting. EEsof Series IV, which shipped in 
February and March of 1993, was built from 
the ground up. 

Bunting agreed that the integration of the 
functions needed for an overall design is a 
continuing, industrywide trend. “Every 
major EDA [electronic design automation] 
company”—notably View Logic, Cadence, 
and Mentor Graphics—is “asking how to link 
the simulation, synthesis, layout, and testing 
functions into frameworks,” he said. “All 
have digital capabilities, and all have some 
Spice capability for the low-frequency analog 
stuff.” 

While EEsof does not yet have a Windows 
version of its Series IV products, which run 
under Unix, the company does offer lower- 
level products that run under the ubiquitous 
GUI, and is joining the herd bringing high- 
level products to it. HP has a port to Win¬ 
dows NT in the works. Release 6.0 will ship 
in the third quarter of 1994, and it will be the 
entire Unix suite on NT. 

SMALL MARKET BUT GROWING. Sales of elec¬ 
tronic-engineering and scientific applications 
software are, of course, only a small portion 
of the total of all software applications sold 
throughout the world. Such software is lim¬ 
ited in function to statistical analysis, design 
tools of one form or another, and mathe¬ 
matical packages and the like. This repre¬ 
sents only a handful of application areas com¬ 
pared, for example, with the vast number of, 
say, general-purpose productivity software 
packages. Moreover, the universe of scien¬ 
tists and engineers is a relatively stable one; 
while there are constant additions to the 
number of people using engineering tools, 
the number of those additions is relatively 
small. 


A market that serves a small universe of 
electronics engineers and scientific investi¬ 
gators might seem bound to stagnate. Yet 
that seems not to be happening. Hardware 
vendors see that their average selling prices 
are falling, but revenues are climbing at sin¬ 
gle-digit rates. 

A look at the numbers indicates that unit 
sales are increasing at a rate of more than 10 
percent per annum, a development clearly 
fueled by silicon technology advances that 
permit workstations and personal computers 
to do more for less money. As the silicon 
makers provide greater and faster compu¬ 
tational power, they are also ratcheting up 
their own efforts to blaze the way into a new 
generation of silicon products. That will, in 
turn, propel an improvement in the tools for 
designing them and lead to the next gener¬ 
ation of software products. 

A constantly renewing market is how 
David Chen described it.“You have to be able 
to ride the next [technology] curve, or slug 
it out on an existing curve,” said the vice 
president of marketing at Mentor Graphics 
Corp., Wilsonville, Ore. “We are emerging 
into a market where the structure is chang¬ 
ing—^where the identity of the players will be 
different. Small technology companies have 
poor distribution, while the large companies 
and system integrators create the technol¬ 
ogy, which could be a combination of several 
vendors’ technologies.” 

BREAKING BOWN. As new hardware is made 
available in the form of new and more pow¬ 
erful workstations, the software that runs on 
those workstations, which include personal 
computers with new processors and oper¬ 
ating systems, must also improve. Soon, in 
fact, the software tool comes to be seen as 
inadequate to the task that must be per¬ 
formed even though it may have been per¬ 


fectly competent only a few years before. 

Every five years or so, as technology 
improves, the tools break down, Chen 
argued. That is happening now with the new 
microprocessors, such as the PowerPC, the 
Alpha, and the Pentium, and with such new 
operating systems as NT, all of which require 
new software to take advantage of their var¬ 
ied capabilities. 

“The new processors and the operating 
systems will impact how businesses are run,” 
predicted Chen. While customers want to 
give engineers universal access to data, he 
noted that today many environments are not 
networked, an obstacle that he believes will 
be overcome with newer, lower-cost tech¬ 
nology—along with the new software tools. 

“The PowerPC will be in low-cost RISC 
workstations, whose technology and cost 
curves will give people the opportunity to use 
exactly the one they are looking for,” said the 
Mentor Graphics executive. The conse¬ 
quence is an increased need for data man¬ 
agement and integration, either internal or 
external. 

Silicon Graphics is one company that 
believes in providing its workstations with 
networking capabilities. The company has 
most recently introduced a system called In 
Person, which includes multimedia hardware 
and a charge-coupled-device (CCD) camera; 
the arrangement allows engineers working 
on the same project in different locations to 
hold videoconferences, said marketing man¬ 
ager Doug Dennis. The multimedia software 
makes it possible to annotate design or 
numerical documents with voice or graphi¬ 
cal overlays, or even with video. 

But if the tools are breaking down, there 
is much to be done. Software and hardware 
companies must again invent another gen¬ 
eration of systems. ♦ 
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assively parallel-process¬ 
ing computer architec¬ 
tures were legitimized 
last year when IBM Corp. 
and Cray Research Inc. 
both introduced their first 
such systems after resist¬ 
ing the trend for years. 

I An August announcement that the nation’s 
No. 2 mainframe vendor, Unisys, would work 
with Intel to develop such systems allayed 
any surviving doubts about where the indus¬ 
try was heading. 

Indeed, the Minneapolis, Minn.-based 
Smaby Group projected that, in 1993, scal¬ 
able/parallel systems would have nearly as 
much market clout as vector/scalar ma¬ 
chines in high-performance computing. It 
saw shipments rising 28 percent to US $L09 
billion even as vector/scalar systems con¬ 
tracted slightly, to $L19 billion. 

“Absolutely every computer company in 
the world agrees that parallel processing is 
the future, especially at the high end,” said 
Henry Burkhardt HI, president of massively 
parallel-processing (MPP) vendor Kendall 
Square Research Corp., in Waltham, Mass. 
“They all have parallel machines, or plans for 
parallel machines, or alliances that would 
lead to parallel machines.” 

STARTING SMALL. The MPP with the mo¬ 
mentum was not the system stringing 
together thousands of processors for purely 
parallel applications, but the smaller, more 
cost-justifiable system that could be scaled up 
as it proved its worth in production environ¬ 
ments. In fact, systems that nuxed MPP and 

ctor capabilities were selling well. 

IBM and Cray Research, for in¬ 
stance, bowed to the inevitable with 
hybrid systems. These represented 
carefully hedged responses to their 
customers’ demand for MPP’s price/ 
performance improvements. At both 
companies, executives still cautioned 
that many current MPP installations, with 
only 16 or 32 processors, do not live up to 
what proponents have promised in produc¬ 
tion environments. 

‘There’s still a lot of confusion in the mar¬ 
ket,” said Robert Ewald, general manager for 
supercomputer operations at Eagan, Minn.- 
based Cray Research. “With RISC-based sys¬ 
tems there’s a cutoff point, somewhere in the 
32- to 64-processor range, below which their 
distributed memory systems demand too 
much in the way of applications conversion 


and memory management for production 
settings. Below that point, physically shared 
memory systems, such as multiprocessor 
workstations or high-end servers, do better.” 

Cray’s T3D, promised 26 months earlier, 
was delivered in September on time and with 
nine orders from customers in hand. The 
system, jointly developed with the Advanced 
Research Projects Agency (ARPA), scales 
from 32 reduced-instruction-set computing 
(RISC) microprocessors to 2048 of them. 

Citing studies that faulted existing MPP 
systems for imbalance among their proces¬ 
sors, interconnects, and input/output sys¬ 
tems, Cray officials said they had sought a 
finely tuned system blending the best of vec¬ 
tor processing and MPP. Off-the-shelf Alpha 
microprocessors from Digital Equipment 
Corp., based in Maynard, Mass., form the 
basis for the MPP compute nodes of the 
T3D, but circuits used in the I/O and inter¬ 
connect systems are based on those of Cray’s 
conventional Y-MP and C90 supercomputer 
models. The torus-like configuration of the 
MPP section minimizes internodal distances 
and hence communication delays. 

The fruits are some impressive capabilities. 
The parallel side was closely coupled to the 
vector computer through one or more bidi¬ 
rectional I/O channels, each with a bandwidth 
of 400 MB/s. System memory access latency 
vras in the microsecond range, or a claimed 
1/100 that of many competing systems. 

The machines are not cheap. Attached to 
a customer’s existing Cray, a 32-processor 
T3D starts at $2.2 million, while stand-alone, 
single-cabinet systems start at $7.7 million. 


Gerry Khermouch Contributing Editor 


NCR takes on new competition 
Paraiiei unit wins airiine reservation bid 
iBM’s paraiiei processor debuts 
CEOs spin tbrough revoiving door 

Even so, “We think the T3D will bring us 
from zero to first place in MPP market share 
in just one year,” predicted company chair¬ 
man John Carlson. 

WILD CARD. IBM’s 9076 SPl came as more 
of a wild card than the T3D, which Cray 
Research officials had been describing for 
more than two years. It debuted in Febru¬ 
ary as one element of a three-pronged push 
to reduce high-end computing costs. The 
other two prongs were continued enhance¬ 
ments to the ES/9000 line, including a fam¬ 
ily-wide transition to CMOS processors, and 
another parallel computing effort, using 
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microprocessors based on the S/390 proces¬ 
sors of the mainframe line. Despite their ear¬ 
lier silence, IBM officials said these efforts 
were intensive. 

“This is the path of a number of years, but 
it perhaps has become more urgent in the 
past year as the price advantages of alterna¬ 
tive platforms have become more apparent 
and as the right-sizing trend among cus¬ 
tomers has accelerated,” said Bill Reedy, 
director of market operations at IBM’s Large 
Scale Computing Division, Fishkill, N.Y. 

The SPl was presented as a real-world 
machine: customers can run day-to-day ser¬ 
ial production work on a single node even as 
they experiment with parallel applications. It 
is scalable from eight up to 64 of the Power 
microprocessors that drive IBM’s RISC Sys¬ 
tem/6000 workstation line. 

The system, targeted at numerically inten¬ 
sive computing applications, could be con¬ 
figured with one to four “frames,” each hous¬ 
ing eight to 16 processor nodes and a 
redrmdant power supply. An optional high- 
performance switch supports the intemode 
communications essential to parallel appli¬ 
cations—and, with a bandwidth said to scale 
linearly to thousands of nodes, is to be the 
basis for future MPP systems. The peak per¬ 
formance of each node was claimed at 125 
million floating-point operations per second 
(megaflops). Commercially oriented systems 
running popular relational database man¬ 
agement systems were to follow early this 
year, as well as updated hardware employ¬ 
ing the second-generation Power2 chip set 
that arrived last fall. 

Both the IBM and Cray machines 
were generally available by late last 
year. The Unisys system, in contrast, 
will not come to market until 1995. 
Nevertheless, for an established main¬ 
frame vendor long doubtful of parallel 
system reliability, to make that an¬ 
nouncement in August seemed proof 
enough that commercial viability is not far off. 

The Blue Bell, Pa., company allied itself 
with established MPP vendor Intel Corp. of 
Santa Clara, Calif., whose Supercomputer 
Systems Division has sold RISC-based 
Paragon machines to scientific and techni¬ 
cal users. In contrast, the new system will 
employ the complex-instruction-set com¬ 
puting Intel CISC line to which Unisys in late 
1991 had shifted its Unbc development. 

Intel’s new-generation Pentium micro¬ 
processor will power the system’s comput¬ 
ing nodes, which will communicate at high 
speed over the mesh interconnect subsystem 
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IBM Corp. ’s 9076 SPI parallel computer supports a mix of serial pro- in IBM products ranging all the way from portables to supercom- 
duction work and parallel applications. The machine is based on puters. A separate parallel-processing effort has its roots in IBM’s 
the company’s Power RISC processor, which is slated to play a role S/390 mainframe processor. 


used in the Paragon line. Message traffic, at 
175 MB/s in each direction, is managed by 
separate submicrometer router chips. Uni¬ 
sys is co-designing the node boards and I/O 
systems and contributing its advanced imple¬ 
mentation of Unbc. 

GOING COMMERCIAL. The sober air of realism 
about the IBM and Cray Research parallel 
systems was caused not only by the huge 
installed constituencies that would depend on 
them for a smooth upgrade path, but also by 
the sluggish economy that had turned users 
off making major capital investments— 
whether in MPP systems, vector process¬ 
ing supercomputers, or even mainframes. 
In that climate, users were demanding pro¬ 
duction-hardened units that could begin 
earning a return on investment at once. 

At the high end, this attitude played to the 
strength of several vendors who had tar¬ 
geted commercial applications. Notable 
among these was AT&T Corp.’s NCR unit 
and its recently acquired Teradata unit. Long 
dominant in decision-support systems, the 
unit was looking to augment its presence in 
the more exacting area of on-line transaction 
processing (OLTP). 

NCR went on merging Teradata’s DBC/ 
1012 line with its internally developed NCR 
3600 system, which mates a front-end, gen¬ 
eral-purpose system with a back-end data¬ 
base engine based on Teradata technology. 
Significant commercial business came in 
from customers like U S West Inc., and a 
two-year delay in introducing the next-gen¬ 
eration NCR 3700 seemed to be offset by the 
fact that few NCR 3600 customers were 


pushing the limits of that system yet. 

But competition was mounting. “Teradata 
killer” was the name in some circles of a par¬ 
allel-based accessory to its mainframes that 
IBM was readying for delivery early this 
year. Tandem Computers Inc., Cupertino, 
Calif., unveiled its highly scalable Himalaya 
line. Convex Computer Corp., Richardson, 
Texas, stepped up its collahoration with com¬ 
mercial systems powerhouse Hewlett- 
Packard Co. of Palo Alto, Calif., broadening 
the application base of Convex’ parallel 
machines. Existing lines from Thinking 
Machines Corp. and Kendall Square Re¬ 
search won big commercial orders, for both 
private-sector technical and general-husi- 
ness applications. 

Thinking Machines’ sale of a 128-node 
Connection Machine CM-5 to Mobil Corp. 
for seismic processing was regarded by Gart¬ 
ner Group’s director of high-performance 
computing, Howard Richmond, as the indus¬ 
try’s most significant in years. It needed only 
10 days and $100 000 to do a job that took 
29 weeks and $2.8 million on a Cray Re¬ 
search Y-MP vector machine, and it epito¬ 
mized the strategic gains of targeted MPP 
use. “The rest of the industry will be hard- 
pressed to catch up,” Richmond said. 

With an order from American Airlines’ 
parent, AMR Corp., Kendall Square symbol¬ 
ically moved an MPP system into a glass 
house inhabited by the ultimate in mission- 
critical, on-line transaction-processing sys¬ 
tems from IBM: the Sabre airline reserva¬ 
tion network. Kendall Square’s 64-processor 
KSRl system was merely to assist in sifting 


through the oceans of data generated by 
Sabre, but as officials made clear, AMR 
would be evaluating the technology for its 
future migration from conventional main¬ 
frames. Competitors complained that Ken¬ 
dall Square was low-bidding its vray into such 
business, and in December, Burkhardt relin¬ 
quished his chief executive’s duties as the 
firm came under fire for, among other things, 
aggressive revenue-booking policies. Even 
so, the fact that an MPP had breached the 
walls of this particular glass house seemed 
promising to all vendors. 

FALLEN WALL. Last year, for the first time, 
general-business applications attracted 
supercomputer vendors other than IBM and 
NCR, whose voice had seldom been heard 
outside scientific and technical precincts. 
Why? In part, as a matter of sheer market 
potential, given the erosion in user loyalty 
to the mainframe. Gartner’s Richmond ex¬ 
pects commercial jobs to account for 70 per¬ 
cent of MPP business by 1997. With such 
entirely new applications as video on demand 
enticing such entrants as IBM and nCube 
Corp., few observers would dismiss that pro¬ 
jection as outlandish. 

Some observers also traced the interest to 
the fall of the Berlin Wall—and the accom¬ 
panying shift in priorities at U.S. government 
agencies. “Until the collapse of the Evil 
Empire, price was no object in certain Fed¬ 
eral agencies where demand for machines 
priced in the tens of millions was concerned,” 
Smaby said. 

ARPA, for one, announced that from now 
on it would shift much of its support to soft- 
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ware development. And funded programs— 
say, the National Science Foundation’s super¬ 
computing centers—^were being tied to 
timetables for transferring technical advances 
to the private sector. Since about 90 percent 
of MPP systems were funded to some degree 
by the government, such shifts were sure to 
get supercomputer vendors’ attention. 

“What taxpayer-supported, government 
laboratories do is far less relevant than the 
ability to use this technology in commercially 
oriented, profit-making applications,’’ declared 
Gartner’s Richmond. 

WE AIM TO SERVE. As mainframes and mid¬ 
range systems came under greater assault 
last year from CMOS-based workstations and 
multiprocessors, IBM and Digital Equipment 
launched a Herculean effort to reposition their 
authoritarian central processors of old as 
avuncular servers in enterprise-wide client- 
server networks. This way, “users can take 
advantage of disk space that’s larger than 
what’s in the glass house,” said IBM’s Reedy. 

Digital Equipment brought out the second 
generation of its Alpha AXP server line— 
and more than 150 other products and ser¬ 
vices—as part of a move to what it called 
open client-server computing. 

New machines in the DEC 2000,3000, and 
4000 lines were positioned as entry-level, 
work group, and distributed-computing serv¬ 
ers, respectively. Toward the high end, the 
DEC 7000 AXP data center servers offered 
up to six-way symmetric multiprocessing and 
a maximum I/O bandwidth of 400 MB/s. 

IBM sought to redefine both its main¬ 
frame and midrange offerings as servers. 
Rolling out 18 new mainframe models, includ¬ 
ing an eight-way unit, it introduced software 
allowing the mainframes to act as “super¬ 
fast, large-scale file servers”—say, for work¬ 
stations linked together in Novell Netware 
local-area networks. 

In debuting its Server Series of AS/400 
midrange machines, IBM likewise said future 
AS/400 software development would focus 
on client-server applicability. Elements of the 

Component technology trends 


OS/400 operating system would be rede¬ 
signed to improve file server functions, and 
performance of the APPC and TCP/EP com¬ 
munications protocols upgraded. “The envi¬ 
ronment has evolved to networks of con¬ 
nected servers,” explained general manager 
John Thompson, soon to become group exec¬ 
utive of the Large Scale Computing Division. 
“Our vision is to make the AS/400 the server 
of choice for many customers.” 

TIME TO SCRAMBLE. No better example of the 
tough business climate could be found than 
the spectacle in late 1992 and early 1993 of 
two supercomputer pioneers—Seymour 
Cray and Steve Chen—^both scrambling for 
new investors in their troubled development 
efforts. After Cray Computer Corp. logged 
two consecutive years of losses in the $50 
million range, Seymour Cray managed to 
lend a four-processor version of his gallium- 
arsenide-based Cray-3 machine to a national 
laboratory while trying to continue work on 
the successor Cray-4. But long-term pros¬ 
pects for the Colorado Springs, Colo., com¬ 
pany were uncertain. 

Chen’s money chase followed IBM’s with¬ 
drawal of support for Supercomputer Sys¬ 
tems Inc. (SSI). The secretive Eau Claire, 
Wis., firm was aiming for a 32-processor sys¬ 
tem that could exceed 51 billion calculations 
per second, but five years and perhaps $200 
million had yielded a four-processor proto¬ 
type at best. Unable to round up the $60 mil¬ 
lion he needed, Chen moved on to a new and 
presumably more modest development 
effort. Supercomputers International. Some 
undisclosed technologies were acquired from 
SSI by Cray Research. 

A couple of years earlier, both might have 
found investors. In 1993, though, they were 
out of date, still relying on vector-process¬ 
ing concepts when sentiment was shifting 
to MPP. Worse, both had already gorged on 
cash without proving their systems’ com¬ 
mercial viability. Amid the industry’s chilly 
pragmatism, prospects were poor for the two 
pioneers. 


Even established MPP vendors struggled. 
To control costs and seek out commercial 
customers. Thinking Machines installed an 
attorney as president, then forced out 
cofounder Sheryl Handler as chief execu¬ 
tive—all in a year when the Cambridge, 
Mass., firm bagged major commercial busi¬ 
ness (including the Mobil job) and saw its 
Connection Machine star in the blockbuster 
film Jurassic Park] 

Mainframe builder Amdahl Corp. last year 
had endured three layoffs by fall, and 
scrapped development of enterprise and 
work group servers based on Sun Microsys¬ 
tems’ Sparc line of RISC microprocessors; 
development of Sparc-based MPP systems, 
though, was expected to continue. In France, 
the government prepared to pump another 
$1.5 billion into troubled Groupe Bull and 
installed a new chief executive to prepare the 
state-owned company for privatization. In 
Britain, though, Fujitsu-controlled ICL was 
readying a parallel ^tabase server based on 
Fujitsu CMOS chips; it would integrate with 
an installed base numbering in the thousands. 

As for the Japanese, after investing their 
way out of previous economic downturns, 
they hit what turned out to be the worst 
slump since World War II. The outlook was 
bleakest for makers of IBM-compatible main¬ 
frames. “Fujitsu and Hitachi are wringing 
their hands,” said Gartner’s Richmond. “Mak¬ 
ing 390-type machines is a dead end.” Early 
in the year, Mitsubishi Electric Co. ended its 
development of mainframes. The company 
said it will go on selling its EX800 line, but not 
develop a successor. 

Even affirmative commitments in Japan 
were hedged. NEC Corp. started marketing 
a parallel computer, Cenju-3, but styled it 
merely a software development unit antici¬ 
pating larger units. Higb-end units, due to 
start shipping overseas in early 1994, 
employed 256 processors to achieve 12.8- 
gigaflops performance. Fujitsu began a push 
into parallel processing with narrow, appli¬ 
cation-specific computers. 

NO MOSS ON CMOS. The jolts on the business 
side contrasted starkly with the smooth 
progress on the technology side. Bipolar, 
emitter-coupled logic technology continued 
to lose ground to CMOS technology as high- 
end systems vendors prepared to ditch 
expensive, water-cooled machines. In 1993, 
Unisys began the transition with a mainframe 
line, the 22(X)/500, that needed just 18 CMOS 
chips for its central processing unit, versus 
197 ECL chips for the 2200/900. The new 
unit, which debuted in September, started at 
just $350 000—a minicomputer price. 

Inexpensive CMOS technology also low¬ 
ered the barriers to entry to the market. One 
unexpected entrant was Thinking Machines’ 
co-star in Jurassic Park, Silicon Graphics Inc. 
The workstation builder said it would make 
a run at the supercomputer market with 
RISC-based machines called Power Chal¬ 
lenge; starting price is under $1 million. A 5- 
gigaflops machine based on a superscalar 
RISC processor developed in-house was to 



With CMOS processors approaching the circuit speeds ojbipolar chips, Unisys Corp. unveiled 
itsjirst CMOS-based mainjrame, the 2200/500. Shoum here are the performance character¬ 
istics of successive generations of bipolar and CMOS chips used in Unisys products. 
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BURKHARDT: The smoke is clearing, ami parallel processing has won 


Only a year ago, two open-minded individu¬ 
als could have legitimately differed on the 
timing of parallel-processing systems’ entry 
into the computing mainstream. Now, at the 
■PHIPPPPIIII start of 1994, there no 
longer can be any serious 
debate on the issue. Stan- 
dards-based parallel processing is robust, it 
is desperately needed, and it is here to stay. 
Users are demanding it, and vendors who 
think they have two, three, or four years to 
deliver will be in for a rude avrakening. 

Why? Consider it from the user’s per¬ 
spective. Whether in a laboratory or a bank’s 
glass house, users are facing organizational 
and competitive challenges as never before. 
International competition, deregulation, the 
end of the Cold War, and the reengineering 
of most work have placed intense pressures 
on costs, flexibility, and turnaround times. 
Researchers are learning to collaborate 
despite widely separated locations. Com¬ 
mercial users, needing access to on-line 
information from a diverse array of sources, 
are balking at taking another step into the 
proprietary swamp. 

As a consequence, both groups are 
demanding standards, standards, stan¬ 
dards—in the operating system, tools, appli¬ 
cations, interfaces, databases, and intercon¬ 
nects. 

At the same time, users are running data¬ 
bases of unprecedented scope. Whether 
scientific data generated from satellites in 
space or financial data generated from the 
trading floor, they all add up to new database 
requirements. 

Scientific and technical as well as com¬ 
mercial data-processing users have a com¬ 
mon goal: the need to find solutions to larger 
and more complex problems in ever shorter 
times. Information technology based on very 
high-performance computing systems is now 
recognized by leading-edge users as deliv¬ 
ering a clear competitive advantage. 

That has not gone unnoticed by the ven¬ 
dor community: by the end of 1993, every 


major U.S. vendor had jumped into parallel 
processing with a paper relationship, a paper 
product, or an actual product launch. Virtu¬ 
ally all suppliers of mainframes announced 
shifts away from bipolar circuits vwth expen¬ 
sive packaging toward CMOS systems using 
lower-cost packaging. IBM began the painful 
process of reducing staff and facilities in its 
major production complexes along the Hud¬ 
son River and announced a CMOS version of 
its new 390 architecture. 

The arguments about parallel systems are 
essentially over: they offer much higher per¬ 
formance and lower costs of computing. And 
the smoke is beginning to clear from the 
architecture war: with few 
exceptions, architectural tech¬ 
niques such as single-instruc¬ 
tion, multiple-data (SIMD) and 
message passing have barely 
moved out of the computer sci¬ 
ence laboratories. Standards- 
based, symmetric multipro¬ 
cessing with a shared memory 
has won. 

Meanwhile, the user profile 
is changing. Both industry ana¬ 
lysts and established vendors 



were stunned at the depth of ‘Vendors who think they 
customer dissatisfaction with have two, three, or lour 
their computer vendors and at years tO deliver a 
how quickly users were willing StandardS-hased, 
to look at dtemative solutions symmetric parallel 
such as workstation clusters or processor Will he In for 
new products from relative a rude awakening' 
newcomers. But they should 
have seen it coming. 

Scientific and engineering users were 
under growing pressure to simulate the real 
world rather than incur the time, risk, and 
expense of doing physical experiments. More 
chemists moved from the wet bench to the 
computer screen. Fewer automotive engi¬ 
neers were allowed the luxury of building 
automobile prototypes to crash-test; designs 
had to be simulated on a computer. 

Fewer users were computer specialists. 


More commonly, they were scientists or 
engineers whose goal was to get the work 
done without standing in line waiting for 
applications to run in batches on a super¬ 
computer. In frustration, they turned to idle 
workstations at night and on weekends. As 
they learned to cluster workstations to get 
work throughput, they began to erode the 
supercomputer market and its traditional 
profit margins. High-performance, high- 
throughput tasks remained the province of 
scalable, shared-memory multiprocessors 
and vector supercomputers, but other tasks 
migrated rapidly to alternative computing 
platforms. 

Among commercial data- 
processing users, the change 
seemed even more dramatic in 
1993. No longer was that user 
^ t^ically an accountant or chief 
^ financial officer looking for 
ways to save money and elimi¬ 
nate labor. More often, it was 
a business, sales, or marketing 
visionary looking for ways to 
make money with technology. 
Commercial organizations 
ranging from financial services 
and telecommunications to air¬ 
lines and packaged goods were 
designing new delivery, moni¬ 
toring, and marketing systems 
that were far more centered 
on the customer. These sys¬ 
tems require the extraordin^ 
amounts of computing power 
that are now becoming available, at afford¬ 
able prices, from the new standards-based 
parallel-processing systems. 


Henry Burkhardt III (M) is president and co-founder 
of Kendall Square Research Corp., a publicly held 
vendor of high-performance parallel computing sys¬ 
tems based in Waltham, Mass. He began his career 
in 1964 as a programmer at Digital Equipment 
Corp., and went on to co-found Data General Corp. 
in 1968 and Encore Computer Corp. in 1982. 


ship early in 1994, with a 1-gigaflops desktop 
system to follow in 1996, the company said. 
MAKEOVER AT IBM. In 1993, IBM finally jumped 
on the bandwagon. Although years of orga¬ 
nizational tinkering have sometimes made it 
seem that IBM stands for “I’m Being Made- 
over,” last year the changes proved more 
decisive and more fruitful. They culminated, 
of course, in the bringing in of an outsider, 
RJR Nabisco’s Louis V. Gerstner Jr., to run 
the company. Gerstner downplayed any 
immediate need for a cosmic “Vision” for IBM 
in favor of an emphasis on execution, and 
there were signs the tinkering was paying off. 

Take the SPl: it was delivered by an inter¬ 
nal joint venture. Power Parallel Systems, an 
independent business unit that combined the 

Khermouch—Large computers 


development resources of the mainframe 
and workstation organizations. Analysts said 
it showed IBM was dealing more effectively 
with the internal schism between the Hud¬ 
son Valley development heartland for vec¬ 
tor mainframes and the Austin, Texas, devel¬ 
opment seat for the insurgent breed of 
MSC-based microprocessors. 

Given their similar migrations toward 
CMOS and a client-server role, Gerstner put 
midrange and enterprise-level systems 
under one roof headed by former midrange 
chief Thompson, again to encourage tech¬ 
nology sharing. And with Power systems pro¬ 
ponent James Cannavino stepping up in 
November to IBM’s chief strategic post, 
there was speculation IBM would acceler¬ 


ate its reliance on the processor and its 64- 
bit derivative under development by IBM, 
Apple Computer, and Motorola. 

The extent to which the Silicon Prairie 
group in Austin is driving development was 
clear in September, when it unveiled the 
eight-chip Power2 processor, supporting 
over 500 000 operations per second. “We’re 
clearly into the supercomputer level of per¬ 
formance,” said Phil Hester, vice president of 
systems and technology for the Advanced 
Workstations and Systems group. The U.S. 
Department of Commerce seemed to agree: 
it looked at the new midrange PowerServer 
590, based on the chip set and priced around 
$75 000, and awarded it the special export 
license reserved for supercomputers. ♦ 
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Solid state 



ompetition among semi¬ 
conductor manufacturers 
has intensified, quicken¬ 
ing the pace of technolog¬ 
ical development. In the 
drive to capture market 
share, companies are 
turning out new genera¬ 
tions of products with dizzying speed. Sub- 
half-micrometer lithographic feature sizes in 
commercial products have pegged new lows, 
while 275-MHz processing speeds have 
reached new highs. With feature sizes 
hurtling toward 0.25 p.m, scientists are opti¬ 
mizing everything from process-monitoring 
software to circuit boards and modules. 
Some are already looking at the next step— 
linewidths of 0.18 p-m and below—that will 
be needed to make 1-gigabit memories. 

To keep up with product demand and 
rapidly advancing technology, new factories 
are going up all over the world, and market¬ 
ing strategies have changed. Systems man¬ 
ufacturers now sell products that were orig¬ 
inally intended for internal use. IBM Corp. 
now sells everything from chips to com¬ 
puter-aided-design (CAD) tools to regain 
profitability. 

The advances in silicon fabrication tech¬ 
niques have spilled over into other areas, par¬ 
ticularly the ability to produce micromacMnes 
on silicon substrates. And applications of such 
alternative technologies as silicon-germa¬ 
nium heterojunction bipolar transistors con¬ 
tinue to rack up successes at frequencies 
beyond the range of simple silicon devices. 

■ - DESIGNS ADVANCE. Microprocessors 


have been the PowerPC 601, developed by 
IBM, Motorola, and Apple Computer and 
announced last April. This RISC design bor¬ 
rows heavily from IBM’s Power architecture 
and Motorola’s 88110 bus interface design. 
The 601 outperforms and under-prices the 
Pentiiun, but to be successful it must build up 
its selection of software applications. 

Advanced as they are, Pentium and the 
PowerPC 601 have not outclassed the Alpha 
21064 microprocessor, announced by Digi¬ 
tal Equipment Corp., Maynard, Mass., in 1992 
[see “How DEC developed Alpha,” Spectrum, 
July 1992, pp. 26-31]. Now, DEC has an¬ 
nounced a new chip meant for the desktop. 
Like the 21064, it is based on the Alpha archi¬ 
tecture, but adds such capabilities as an 
embedded graphics accelerator and a periph¬ 
eral chip interconnect (PCI) input/output 
controller that are especially attractive for 
desktop and multimedia applications. 

GREEN MACHINES. Spurred by the increasing 
popularity of portable computing and com¬ 
munication devices, reductions in the oper¬ 
ating power and voltage of IC circuits were 
recurring themes this year. Many micro¬ 
processors, application-specific ICs (ASICs), 
and memory chips are now designed to run 
at 3.3 V, halving power consumption. A num¬ 
ber of microprocessors have also incorpo¬ 
rated sleep, doze, or nap modes that power 
off their circuits when the machines are idle, 
reducing power to a few milliwatts. 

Intel’s entire 486 product line, as well as 
the Pentium chip, have power management 
capability. The feature is also available in 
Toshiba Corp.’s R4600, a new 64-bit RISC 


were one of the most fiercely con- ififtiff ipUTQ 
tested areas last year [see “Not your nlUnUUniO 

other’s CTO ” IEEE Spectrum, | oozmg itiicroprocessors save power 
S.” » “ew /Up/ta chill achieves 275 MHz 

nounced the Pentium chip, developed I Micromachines depioy airbags 
with a speed that is testimony to the | siiicon germanium ready for market 


hot pursuit of the desktop and laptop 
markets by the manufacturers of reduced- 
instruction-set computer (RISC) chips. Pen¬ 
tium’s designers faced a daunting assign¬ 
ment: developing a new architecture with 
enhanced performance competitive with 
RISC designs, yet also maintaining backward 
compatibility with the large installed base of 
486 chips. This they accomplished by pulling 
in such advanced features as superscalar 
operation, dynamic branch prediction, and a 
pipelined floating-point unit. 

One reason for Pentium’s urgency may 


Linda Geppert Associate Editor 


chip, and in the PowerPC 603, the IBM- 
Motorola-Apple follow-on to the 601 for lap¬ 
top applications. Power management will 
enable computer manufacturers to design 
systems that comply with the U.S. Environ¬ 
mental Protection Agency’s voluntary 
Energy Star Computer Program. The pro¬ 
gram’s aim is desktop computers that have 
a low-power state of not more than 30 W 
when idle, compared with the more than 200 
W that current units soak up. Desktop units 
now account for 5 percent of the United 
States’ energy consumption. 

When it comes to performance, IBM’s 


Power2 processor currently enjoys the lead, 
with industry benchmark ratings of 126 
SPECint92 for integer and 260 SPECfp92 for 
floating-point performance. (The bench¬ 
marks are representative samples of publicly 
available applications that predict how well 
application code will execute, and also stan¬ 
dardize performance comparisons of com¬ 
puting systems.) Power2’s highly superscalar 
architecture can issue up to six instructions 
per cycle. This processor is composed of 
eight chips and 32 million transistors on a 
multichip module. IBM intends to keep the 
Power2 chip sets for its high-end worksta¬ 
tions, which should be available early this 
year. 

Not to be outdone. Digital Equipment an¬ 
nounced the second-generation Alpha: the 
21064A, fabricated with 0.5-p,m CMOS 
devices. The single-chip microprocessor has 
been clocked at 275 MHz. If it can deliver 
on its estimated benchmarks of 170 SPEC- 
int92 and 290 SPECfp92, it should regain the 
performance lead from the Power2. 

PDA HEYDAY. The appearance of personal dig¬ 
ital assistants (PDAs) and personal intelligent 
communicators (PICs) in the consumer mar¬ 
ket has inspired microprocessor designs 
geared toward these new products. But 
because the features that should appeal to 
PDA system designers are still being 
decided, the chips bear little resemblance to 
one another except that—for the most 
part—they are smaller, cheaper, and lower- 
powered than their computer cousins. Most 
contain between 0.1 million and 1 million 
transistors—about one-third the size of the 
desktop microprocessors—consume 
between 0.1 W and 1 W, and cost 
between US $20 and $100. But that 
is where the similarities end. Prod¬ 
ucts can be found with architectures 
of RISC, CISC, and none of the above. 
On-chip caches range from none to 
8 kB. The number of peripheral func¬ 
tions also varies widely. 

Many products, among them the Dragon 
I from Motorola Inc., Phoenix, Ariz., and 
General Magic Inc., Mountain View, Calif.; 
the SH7000 offered by Hitachi Ltd., Tokyo; 
the Polar chip set, designed by VLSI Tech¬ 
nology Inc., San Jose, Calif,, and Intel; and the 
V810 from NEC, are ready and waiting to be 
picked for PDAs. 

AT&T’s Hobbit chip and the ARM610, 
from Advanced RISC Machines Ltd., Cam¬ 
bridge, England, are two processors used in 
products that came to market last year. The 
Hobbit, a 32-bit chip that runs at 20 MHz at 
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3.3 V and consumes only 0.25 W, is used in 
AT&T’s EO 440, a personal intelligent com¬ 
municator. The AIM610 runs at 20 MHz at 
5 V and consumes 0.5 W. It was tapped by 
Apple Computer Inc, Cupertino, Calif., for its 
Newton MessagePad personal digital assis¬ 
tant. Advanced RISC Machines’ successor to 
the ARM610, the ARM700, can run at 3.3 V 
at a reduced power of 0.25 W. 

In memory chips, change has been incre¬ 
mental and largely predictable [see figure, 
above]. Most manufacturers of dynamic 
RAMs (DRAMs) are planning for the 16-Mb 
chip to become the next commodity item, 
with the 64-Mb chip well along the road 
toward volume-production status. Several 
varieties of 256-1^ DRAMs are in the devel¬ 
opment stage. The IBM-Siemens-Toshiba 
joint effort is based on a 0.6-p.m^ trench- 
capacitor cell that uses a self-aligned trench- 
to-device contact to reduce the cell size. 

IBM and Mitsubishi Electric Corp., Tokyo, 
have each fabricated DRAMs on silicon-on- 
insulator (SOI) substrates. SOI substrates 
offer higher-speed devices, lower junction 
leakage, and greater alpha-particle immunity, 
making their development especially desirable 
for DRAMs. IBM’s chip is a 512-kb DRAM 
with a 3.5-ns access time. The Mitsubishi 
device is a fully functional 16-Mb DRAM. 
RAMBUS GETS REAL. While 1-Gb DRAMs may 
not appear on the market until the 21st cen¬ 
tury, clever architectures have improved the 
performance of existing technologies. One 
such innovation is the Rambus interface. It 
consists of conventional DRAMs with added 
circuitry as well as a Rambus ASIC and a spe¬ 
cially designed printed-circuit board inter¬ 
connect. This architecture can achieve data- 
transfer rates of 500-Mb/s with standard 
semiconductor and printed-circuit board 
technologies. It took a large step forward in 
1993 with the demonstration of a system con¬ 
taining Toshiba Rambus 4.5-Mb DRAM 
(RDRAM) chips together with a Rambus 
ASIC (RAC). Toshiba will market the 
RDRAMS beginning this year. Under devel¬ 
opment at Toshiba is an 18-Mb RDRAM and 
MC designed in 0.5-p.m CMOS. These 



products should be available before the end 
of the year. 

Driven by capacity limitations and by the 
need to gear up for more highly integrated 
processes, many semiconductor companies 
have announced plans to build new manu¬ 
facturing plants or add to existing ones. 
Japanese and Korean companies are extend¬ 
ing their DRAM facilities in anticipation of 
the demand for 16-Mb DRAMs. Last June, 
Samsung Electronics Co., Seoul, South 
Korea, opened a new facility to mass-produce 
DRAMs—up to three million a year. Toshiba 
Corp., Tokyo, and Motorola will jointly build 
a 16^Mb DRAM plant at Sendai, in northern 
Japan. In the United States, Intel, Motorola, 
and Texas Instruments Inc., Dallas, will con¬ 
struct new state-of-the-art facilities that vnll 
process 200-mm wafers and allot sizable 
areas to class-1 clean rooms. The Texas 
Instruments and Motorola facilities will also 


include development laboratories to even¬ 
tually produce ICs with linewidths as small as 
0.12 p,m. Before the plants are completed, 
each of these companies will have spent 
close to $1 billion. 

According to Bill Dunnigan, operations 
manager for Motorola’s MOSll chip fabri¬ 
cation line, “The major issue we all face is 
how to make money with the accelerating 
cost of equipment. As the technology moves 
from 1 p,m to 0.5 p.m to 0.25 p-m, the num¬ 
ber of process steps increases, requiring 
more and more equipment. So we need to 
build larger fabs. The problem is that the sell¬ 
ing price of the devices keeps going down.” 
The challenge, said Dunnigan, is that the 
costs of new equipment and of building new 
factories are growing faster than the rev¬ 
enue stream. Everyone in the industry is 
investigating ways to rein in the size of fac¬ 
tories while maintaining volume production. 
SMART FACTORIES. Improvements in the qual¬ 
ity and yield of semiconductors will also come 
from computer-integrated manufacturing 
(CM) systems that use computers and soft¬ 
ware to monitor tools and control process 
flow. One such system, the result of a five- 
year collaboration of Texas Instruments, 
Sematech, the Advanced Research Products 
Agency (AREA), and the Air Force Wright 
Laboratory, is geared to flexible, or agile, 
manufacturing and offers the ability to plan 
production starts, schedule tools, and man¬ 
age tool and process specifications [see fig¬ 
ure, below]. Texas Instruments will market 
the software under the name Works. 

Other aspects of the collaborative pro¬ 
gram include single-wafer processing: 
advanced dry, rapid thermal processes; in- 
situ sensors; and real-time embedded closed- 
loop process control. Under the terms of the 
agreement with AREA and Sematech, these 



Modular integrated software from Texas Instruments Inc. allows manufacturers to track and 
control the production process through such services as remote object communication, log¬ 
ging of time-stamped events, and the specification and triggering of data collection. 









































the merchant market is the availability of 
unpackaged ICs that have been tested and 
burned in (known good dies). Until recently, 
such chips were not available, and without 
them the costs to systems manufacturers 
of reworking modules to replace defective 
dies were simply too high. Several semicon¬ 
ductor manufacturers now make known 
good dies available to their customers. 
MicroModule Systems has developed a bare- 
die test and bum-in technology that needs no 
extra die processing. It is being marketed 
by Texas Instruments to semiconductor 
manufacturers, who will then make the 
tested dies available to systems manufactur¬ 
ers. The test units, currently in beta-test¬ 
ing, should go on sale this year. IBM makes 
known good dies available for chips designed 
for its flip-chip bonding process. 

SILICON ALTERNATIVES. The first commercial 
products based on silicon-germanium het¬ 
erojunction bipolar transistors (Si-Ge HBTs) 
will reach the marketplace within the year. 
These devices are two to three times as fast 
as ordinary silicon bipolar transistors, yet can 
be fabricated on the same \vafer with stan¬ 
dard silicon circuits. The key to the high 
speed of the devices is the electric field cre¬ 
ated in the base of the transistor when it is 
doped with germanium in a very well-defined 
profile. For years, IBM scientists quietly 
developed the technology for making the 
transistors—and then for making them at 
medium-scale-integration levels with com¬ 
mercial-grade yields. This is done with low- 
temperature ultrahigh-vacuum chemical 
vapor deposition (UHV/CVD), a technique 
developed by Bernard Meyerson, an IBM 
Fellow at the Thomas J. Watson Research 
Center in Yorktown Heights, N.Y. 

“The technology is much further 
advanced than anyone had previously 
believed,” Meyerson told Spectrum. “We’ve 
had good yields on dies with up to 30 000 
transistors.” Circuits are currently being fab¬ 
ricated on 200-mm wafers with commercial 
UHV/CVD equipment manufactured and 
marketed by Leybold AG, Hanau, Germany, 
under an agreement with IBM. 

Also under an agreement with IBM, Ana¬ 
log Devices Inc., Norwood, Mass., will design 
and market products based on the new tech¬ 
nology. Charles Fadel, corporate marketing 
manager at Analog Devices, sees the biggest 
applications in high-frequency analog and 
mbced-signal circuits—an area in which the 
company has much expertise. The first com¬ 
mercial product will be a 3000-transistor, 1- 
GHz, 12-bit digital-to-analog converter (DAC) 
that will be used in a fiber-to-the-home appli¬ 
cation. The design was directly mapped from 
a traditional bipolar DAC that runs at 100 
MHz. Fadel also sees a big market for the 
new technology in such wireless communi¬ 
cations products as personal digital assistants, 
digital cellular handsets, cordless phones, and 
wireless local-area networks that operate in 
frequencies up to 3 GHz —a region of the fre¬ 
quency spectrum where gallium arsenide 
devices could also be used. 
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tools will be made available commercially as 
soon as they have been developed. 

With the rapid rise in IC performance and 
complexity, the characteristics of connec¬ 
tions between chips are becoming more crit¬ 
ical. In this area, multichip modules [see fig¬ 
ure, below] have an edge, according to 
Bernard T. Clark, manager of packaging 
business development at IBM Microelec¬ 
tronics, East Fishkill, N.Y. “MCMs offer the 
ability to escape high chip I/O, provide a low- 
noise environment for the devices, and 
reduce the off-chip interconnect length.” But 
the merits of MCMs have been less at issue 


than the commercial feasibility. Historically, 
manufacturers of mainframes We produced 
MCMs primarily for use in their own prod¬ 
ucts; but two new commercial sources of 
MCMs may help the technology take off. 
IBM now sells co-fired-ceramic and multi¬ 
layer thin-film MCMs on the merchant mar¬ 
ket, and MicroModule Systems Inc., Cuper¬ 
tino, Calif., offers the thin-film variety. The 
latter company acquired its MCM manufac¬ 
turing facilities, process, and patent portfolio 
from Digital Equipment Corp. 

MicroModule Systems believes that the 
most crucial element in the fate of MCMs on 


The thermal conduc¬ 
tion module (TCM) 
holds more than 100 
chips in an area of 127 
cmF. It is manufac¬ 
tured by IBM Corp. 
for mainframe com¬ 
puters. This polished 
cross section view re¬ 
veals the vias running 
vertically, and the 
cross sections of wir¬ 
ing lines projecting 
into the page. 


The industry’s first 
surface-microma- 
chined accelerometer 
deploys automobile 
airbags. The sensor is 
at the center of the die, 
surrounded by signal- 
conditioning circuitry. 







































ARMSTRONG: Technical challenges clouti the deep suhmicrometer horizon 


Progress in 1993 was sustained on many 
fronts in solid-state devices. Areas like sili- 
con-on-insulator devices, high-speed analog- 
digital devices using silicon-germanium 
alloys and band-gap engi- 
neering, and large-area 
■■■■■■■■■* arrays of charge-coupled 
devices for increasingly sophisticated imag¬ 
ing applications are just a few of the areas 
in which progress continues. 

Yet, there are several clouds on the hori¬ 
zon. One is the progressive transformation of 
IC families into commodities (dynamic RAMs 
being the first and clearest example). This 
trend in turn leads to increasingly difficult 
economics for mainline silicon IC develop¬ 
ment and manufacturing. Recent and pro¬ 
jected trends show the investment necessary 
for a leading-edge factory to be rising sub¬ 
stantially faster than industry revenue. This 
will drive changes in manufacturing strat¬ 
egy—^for example, much greater reliance on 
using a given line for multiple products and 
even variant technologies. 

The expected rapid increase in new factory 
costs also raises questions for the industry 
consortia, Sematech and the Joint European 
Submicron Silicon Initative (JessD, which have 
focused on manufacturing tools and tech¬ 
niques. How much of the rapid growth in 
manufacturing plant costs is due to ever more 
sophisticated tooling? How much is due to the 
costs of compliance with regulations of all 
kinds? How much is due to costs of plant 
infrastructure apart from the tools per se? 
Perhaps it is appropriate for these consortia 
to focus on other aspects of manufacturing, 
including more definitive characterization of 


the relative growth rates of manufacturing are increasingly powerful, they have yet to 
investment and industry revenues. make a major dent in the time it takes, or the 

A second, perhaps related, cloud on the investment required, to work out and debug 
horizon is the fact that, despite many gen- next-generation technology, 
erations of IC technology, the dozen or more Although the problems to be solved in use- 

substantial decreases in feature size with ful process modeling and j^ediction are 


concurrent increases in den¬ 
sity, impressive industry learn¬ 
ing and know-how, and remark¬ 
able progress in materials and 
process science, it appears to 
be getting harder, not easier, to 
push the leading edge techni¬ 
cally and scientifically in terms 
of density, performance, and 
reliability. 

Each new technology gener¬ 
ation poses materials and 
process riddles different from 



harder, the need is no less great 
for logic synthesis, circuit sim¬ 
ulation, and layout tools of far 
greater power than those now 
in use if we are to continue the 
current pace of submicrometer 
technology development. 

Perhaps it is time to greatly 
increase the collective focus on 
the tasks of modeling and sim¬ 
ulation, not only in materials 
and processes but also in 
design and layout. The Semi¬ 
conductor Research Corp., 
individual university groups, 
and individual firms are all Iwd 
at work here, and the potential 
payoff for success is greater 
than ever. It may well be that 
these areas will lend them- 


those solved in previous gener- ‘Each I 
ations. There are new types of generation goses 
contamination to worry about, materials and proceSS 
and new sources of defects riddles different from 
when the scale is shrunk. The those solved In previous 
interactions between the differ- generations’ 
ent materials and layers 
demand to be understood with ever greater selves to an organized cooperative attack 
sophistication. The interaction between the analogous to Sematech’s successful effort 
mechanical properties of the multilayer struc- in manufacturing tooling, 

tures and their subsequent processing is a 

constant source of unpleasant surprises. John Armstrong (F), IBM vice president, scienceand 
There is still “room at the bottom” as far technology (retired), has been at the hub of research 

as fundamental limits are concerned, but I and development at IBM Corp. for 30 years. He is the 

believe that the gap between scientific under- author or co-author of more than 50 papers on 
standing and actual engineering practice in nuclear resonance, nonlinear optics, research man- 

IC process development and manufacturing agemenf and science policy. He is currently serving 

is not getting smaller. For example, although as Karl T. Compton Visiting Lecturer at the Massa- 
materials, process, and device simulations chusetts Institute of Technology in Cambridge. 


The same techniques used to fabricate 
standard ICs are also creating tiny machines 
on silicon wafers and integrating them with 
the necessary electrical circuitry. One such 
device is an accelerometer that is used to 
deploy air bags in automobiles [see lower 
photo at left]. It is manufactured by Analog 
Devices with the surface micromachining 
technique, where polysilicon is deposited and 
patterned on a sacrificial oxide. The under¬ 
lying oxide is then etched away, leaving a pat¬ 
tern of movable polysilicon plates and fixed 
structures whose capacitance changes as a 
result of acceleration. The devices, shipped 
to the first customer last March, became 
generally available in June. Richard Payne, 
the company’s director of R&D for micro¬ 
machining, sees many more uses for the 
miniature devices in gyroscopes, flow 
meters, and medical applications. 

Texas Instruments’ digital micromirror 
device (DMD), developed for optical projec¬ 
tion systems, is also fabricated by surface 
micromachining [see “Mirrors on a chip,” 
Spectrum, November 1993, pp. 27-31.1 TTie 
micromachined layer consists of up to two 
million aluminum-alloy mirrors, each sus¬ 
pended over a static RAM memory cell. The 


data in the cells is used to tilt the mirrors, 
while light reflected from them projects an 
image on the screen. One source of defects 
has been stuck pixels, especially white ones 
(those stuck in the “on” position), according 
to Jack M. Younse, program manager in the 
company’s Digital Imaging Venture Projects 
organization. But TI has confidence in the 
technology and is doing whatever it takes to 
make it a high-quality, affordable product. 
NEW RESISTS SOUGHT. New lithographic tools 
and mask technologies must be developed 
in order to produce the small linewidths 
required for 1-Gb DRAMs and beyond. Re¬ 
sists for future semiconductor lithographies 
were identified as a gap area, according to 
Daniel Herr of the Semiconductor Research 
Center [SRC] in Research Triangle Park, 
N.C. “When we look forward to advanced 
resists needed for 0.18-|xm devices and 
below, we realize that we need to engineer 
new materials and processes to meet specific 
performance, reliability, manufacturability, 
and safety criteria,” said Herr. 

But development of a new resist is an 
expensive undertaking. “It takes about $100 
million,” said Herr. With anticipated world¬ 
wide demand for advanced resists in volumes 


of drums rather than tankloads, it is difficult 
for individual companies to justify long-term 
research programs. 

As a result, SRC and Sematech have pulled 
together five companies—IBM, Olin Ciba- 
Geigy, Shipley, AT&T, and Brewer Scien¬ 
tific—to discuss collaborative opportunities. 
The participants are exploring areas where 
they might work together. In parallel, SRC 
is bringing together the top university re¬ 
searchers working in the resist area; joint 
support of university research into next-gen¬ 
eration resists may be the most fruitful form 
of collaboration that these companies can 
undertake. 

SRC supports research across the spec¬ 
trum of semiconductor technology, from con¬ 
tamination control to metrology to packag¬ 
ing. Cluster tools (small, self-contained 
environments for film deposition) are getting 
a big push from SRC through funding of a 
development program at North Carolina 
State University. At ±e University of Illinois, 
modeling of cluster-tool geometries and 
plasma chemistry is also being supported. 
Such long-term research is needed as semi¬ 
conductor technology is brought along into 
the 21st century. ♦ 
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Test and measurement 



he test and measurement 
industry today is at a 
watershed. Although the 
communications test 
market remains strong, 
the military-aerospace 
sector is in retreat, and 
the computer market¬ 
place is laboring under tremendous eco¬ 
nomic pressure. Put otherwise, two of the 
industry’s three biggest markets will offer 
few opportunities for growth in the years 
ahead, and may even decline. Instrumenta¬ 
tion companies, in consequence, find them¬ 
selves challenged by a need to redefine them¬ 
selves—not just to compete more effectively 
in tomorrow’s marketplace, but in some 
cases, to survive. 

At the same time, certain key areas, like 
design for testability and computer-con- 
trolled multivendor instrument systems, 
have entered the implementation stage 
where the emphasis is more on hammering 
out cooperative arrangements and stan¬ 
dards agreements than on creating new 
technical concepts. 

Given that environment, it is hardly sur¬ 
prising that purely technical advances have 
taken a back seat to other kinds of devel¬ 
opments—specifically, the formation of 
various alliances and consortia to share costs 
wherever it is practicable, and the appli¬ 
cation of existing technology to new areas. 

In their efforts to increase revenues, 
some large instrument makers are re¬ 
thinking their attitude toward low-end stand¬ 
alone instruments, which some of them have 

;glected for several years. 

For their part, providers of hard¬ 
ware and software for automated cal¬ 
ibration are taking advantage of the 
upcoming requirement that manufac¬ 
turing companies conform to ISO 
9000 if they want to do business vidth 
the European Union (formerly 
Community). Doing so will require, among 
many other things, that documented pro¬ 
cedures for calibrating measuring in¬ 
struments be developed and adhered to—a 
natural application for automated calibration 
if ever there was one. 

TESTABILITY MOVES AHEAD. Ever since sur¬ 
face-mounted devices, with their attendant 
pin-access problems, began to catch on in the 
late ’70s, the issue of testability has received 
a great deal of attention. Much time and talk 
have gone into discussions of how best to test 


boards and systems crammed with high-den- 
sity integrated circuits. But it wasn’t until 
1985, when the combination of tight pin spac- 
ings and unprecedented circuit densities 
pressed their collective back to the vrall, that 
a few European test engineers began work 
on a standardized implementation of bound¬ 
ary-scan testing. In 1990 the ad hoc body, 
which had become known as the Joint Test 
Action Group (JTAG), saw its efforts to 
develop an effective method for testing dig¬ 
ital logic boards come to fruition with the 
approval of ANSI/IEEE Std. 1149.1, IEEE 
Standard Test Access Port and Boundary- 
Scan Architecture. 

In the short time between approval of the 
standard and September of 1993, 24 semi¬ 
conductor companies have come out vnth 124 
standard parts to support it, 20 vendors have 
developed boundary-scan ASIC cells, six are 
providing field-programmable gate array 
support, 19 firms are offering support tools, 
and 12 companies are including boundary- 
scan capability in their CAD products. 

Boundary scan simplifies the testing of 
both chips and boards by providing for the 
insertion into integrated circuits of a small 
amount of logic circuitry, called a boundary- 
scan cell, between each pin on the IC and 
the on-chip circuitry to which each pin is 
normally connected. The standard also de¬ 
scribes a test access port of four or (op¬ 
tionally) five extra pins, through which an 
external tester can control and commu¬ 
nicate with the test features built into the 
compliant chip [see figure, top right]. 

Briefly, since boundary-scan components 
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IC makers lump on the 1U9.1 bamlwagon 
ISO 9000 boosts automated calibration 
VXIplug&play Systems Alliance formed 
Huge automotive market may beckon 

can be daisy-chained, all of them can be 
tested from a single edge connector, re¬ 
gardless of the complexity of the board or 
the chips. Maximizing the efficiency with 
which a chip is tested requires more than 
gaining access to it, however. Specifically, it 
requires that the chips also have built-in test 
(BIT) features, which can be invoked 
through the test access port. 

So, to increase the value of their in¬ 
vestments in boundary scan, test engineers 
are now looking to push test standardization 
further by developing and agreeing to con¬ 
sistent ways to implement BIT for the 
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various subassemblies of which modern 
electronic systems are composed. At the 
1993 International Test Conference in 
October, Colin Maunder, technical group 
leader at BT Laboratories, Ipswich, UK, 
who chaired the 1149.1 working group 
during the development of the standard, de¬ 
livered a paper that may well herald the 
next big move in designing for testability—a 
concept that he calls ‘Inanaged built-in test.” 

Managed BIT concerns itself with the 
real-world problem of testing systems that 
are produced over considerable periods of 
time and comprise component parts from 
various vendors. As Maunder points out, a 
big problem with testing such systems is 
that they are not all identical. Quite the 
contrary, in fact. 

Over time, the components (ICs, circuit 
boards, subassemblies, and so on) that make 
up the systems may go through a series of 
revisions for any of several reasons, among 
which Maunder cited cost reduction, bug 
fixing, and the need to respond to problems 
in the supply of components. Moreover, once 
systems are deployed in the field, each will 
have its own history of maintenance and 
repair, as a result of which, he said, “...every 
fielded system will become structurally 
unique—^that is, entropy will take place, with 
order degenerating into chaos as far as test 
engineering and field service are concerned.” 

How is one to test such systems, given 
that thorough testing generally requires de¬ 
tailed knowledge of how each system is im¬ 
plemented? With managed BIT, which 
differs from conventional BIT in two ways: 
first, it uses a standardized test in¬ 
terface for control and observation 
of the BIT functionality on each com¬ 
ponent or subsystem: and second, it 
employs a standardized set of core 
BIT fimctions. 

With the standardized test in¬ 
terface, a system-level test program 
would send test ‘Requests” to a test man¬ 
agement unit on each component of the 
system under test. A request would not be a 
detailed set of instructions on how to 
perform a test, but rather an order to 
answer a question like “Are you free of 
faults?” It would be up to the test man¬ 
agement unit to activate the relevant on¬ 
board BIT features needed to respond to 
the test request. 

Will managed BIT prove to be the frame¬ 
work within which future standards are de¬ 
veloped? That remains to be seen, of course; 
but since it is based largely on the published 
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Boundary-scan cells around the periphery of a chip can be daisy-chained to make a whole 
board easily testable from a single access port, with no need for bed-of-nails probing. In nor¬ 
mal operation, the cells are connected straight through—that is, each connects one of the 
device’s pins to its intended connection point. 


work of experts in the field, the odds are 
not at all bad. 

Among the other cooperative endeavors 
on the design-for-testability front in recent 
months was the continuing cooperation 
among Tektronix, Teradyne, and Texas 
Instruments to develop boundary-scan 
products and to promote support for the 
IEEE 1149 family of specifications within the 
industry. Among their accomplishments was 
the first product in Tektronix’ Integra series 
of debugging and testing tools—^the VX4491 
Serial Test Module, a boundary-scan con¬ 
troller for the VXIbus. Products in the 
Integra series combine Tek’s hardware with 
software from the other two firms—in this 
case, part of TFs Asset suite and the Virtual 
Interconnect Test subset of Teradyne’s 
Victory testability package. 

VXI PLUGS AND PLAYS. Just as the three Cs 
of cooperation, consortia, and compatibility 
play a large role in design for testability, so 
too are they a major consideration in more 
general-purpose areas of test and measure¬ 
ment. For example, at AutoTestCon this past 
September, five important makers of VXI- 
based instrumentation—GenRad, National 
Instruments, Racal, Tektronix, and Wave- 
tek—announced the formation of the VXI- 
plug&play Systems Alliance, in their words, 
“an organization dedicated to increasing ease 
of use for multivendor VXI systems users.” 

The VXIplug&play Systems Alliance is 
intended to complement the work of the 
VXIbus Consortium, which, since its 
founding in 1987, has concerned itself with 
the specification of a broad range of base¬ 
line technologies capable of remaining 
useful for many decades. To meet that goal, 
it has purposely avoided such issues as fix- 
turing, protocols for shared-memory com¬ 
munication, I/O drivers, instrument drivers, 
and programming languages. 

The new alliance will have no hesitation in 
dealing with those matters, and will even go 


so far as to endorse certain products, recog¬ 
nizing that they are already de facto 
standards. 

SHARING THE WEALTH. Tight budgets in the 
test and measurement business have given 
birth to some interesting phenomena. One of 
them, borrowed from the computer world, 
is the concept of the shared resource—^what 
one might call a measurement server—an 
expensive measuring instrument shared by 
many engineers over a local-area network. 

The first example of this class of in¬ 
strument was Tektronix Inc.’s Enterprise 
DAS, an X Windows-compatible version of 
the Beaverton, Ore., company’s well-known 
digital analysis system, which can easily cost 
more than US $30 000. With the Enterprise 
DAS, several engineers working on the 
same project can investigate the behavior 
of the unit under test from their individual 
workstations without leaving their offices. 
Moreover, they can integrate data from 
other X Windows software, giving them per¬ 
spectives on their work that were pre¬ 
viously lacking. (It is understood, of course, 
that they would access the DAS one at a 
time, just as documents shared over a 
network can be edited by only one person at 
a time. It would create havoc if two or more 
people attempted to control the instrument 
simultaneously.) 

SMALL IS GOOD, TOO. Interestingly, at the same 
time that they are moving ahead at the top 
end of the market with products like the 
Enterprise DAS, big instrument makers are 
also rediscovering the value of less expensive 
gear. Hewlett-Packard, for example, is 
putting a good deal of emphasis on its Per¬ 
sonal Measurements Operation, which it cre¬ 
ated about a year and a half ago to provide 
instruments for users who need less than 
state-of-the-art performance. 

As Mike Gasparian, general manager of 
the operation, explained it, in many cases, 
the cost of an instrument can be reduced 


dramatically if it is carefully conceived to 
offer what he calls Just Enough Features— 
that is, if it omits those capabilities and spec¬ 
ifications that are needed or wanted by only 
a small number of users, but that contribute 
disproportionately to an instrument’s cost. 
As an example he cited programmable front 
and rear input terminals. “Giving the user 
the ability to program which terminals are 
active adds a lot to an instrument’s cost,” he 
said, “but our research indicated that only 2 
percent of the users cared about it.” 

“Of course,” Gasparian pointed out, 
“there is a lot more to making a successful 
low-cost instrument than just leaving things 
out.” In particular, the instruments made by 
his operation are also distinguished by ex¬ 
tensive use of parts and technologies de¬ 
veloped for other products. They are also 
thoughtfully designed to be easy to manu¬ 
facture, test, and calibrate. And they are 
sold through such low-cost channels as 
direct mail, catalogs, and distributors. 

Interestingly, manufacturers seem to put 
more thought into the user interfaces of 
their low-cost offerings than they do for 
their top-end products. For example, one of 
the more frequent complaints about digital 
scopes is that they are not as responsive as 
analog units—that is, traces on their screens 
lag noticeably behind user input when inter¬ 
active adjustments are made. The trouble is 
that the ^tem microprocessor has so many 
things to do that it gets bogged down during 
interactive adjustments—just when it needs 
to be at its fastest. 

Bearing those complaints in mind, the de¬ 
signers of H-P’s 54600 series of low-cost 
digital scopes separated the acquisition and 
display functions of their scopes and placed 
them under the control of separate pro¬ 
cessors. The result: a display rate of a mil¬ 
lion points per second, 5(>-100 times faster 
than other digital scopes, and sufficient to 
give users the responsiveness of a good 
analog instrument. 

H-P is not alone in its recent emphasis 
on relatively inexpensive instruments with 
outstanding user interfaces. Just this month, 
in fact, Tektronk is bringing out a hand-held 
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instrument that gives electrical service 
technicians the ability to study a signal’s 
shape as well as measure its magnitude 
[EEs’ Tools & Toys, p. 91]. Called the Tek- 
Meter, the combined digital multimeter and 
5-MHz oscilloscope, which costs about 
$1000, is just the first in a planned family of 
smart portables, called TekTools, aimed at 
the burgeoning field-service market. 

The TekTools family has come into ex¬ 
istence in large part because of the spread 
of electronic technology into just about 
every segment of industry, from manufac¬ 
turing process control to building main¬ 
tenance. The burgeoning popularity of such 
new products as cellular telephones, the re¬ 
placement of variable-speed dc motors with 
ac drives, and the increasing problem of 
“dirty” ac power lines are just a few of the 
factors making it necessary for craftspeople 
and technicians to make rather complex 
evaluations of electronic signals and 
systems. The “dirty” power problem—that 
is, the contamination of ac power lines by 
spikes, harmonics, and other anomalies—is 
of particular importance as sensitive micro- 
processor-based controls replace electro¬ 
mechanical relays in many applications. 
AUTOMOTIVE TEST. Although it is not a new 
area, some experts feel that automotive test 
presents the most exciting new growth 
opportunity currently available to the test 
and measurement industry. What’s driving it 
is the rapidly growing electronic content of 
modern automobiles, which will represent 
some 25 percent of the value of a new car 
by the year 2005, according to James DeSte- 
fano, program manager for Hewlett-Pack¬ 
ard’s automotive initiative. 

Where today an average automobile 
contains some $1200 worth of electronics— 
in radios, electronic engine controls, digital 
clocks, and, in some cars, air bags and an¬ 
tilock brakes—that figure will rise to 
something on the order of $5000 per vehicle 
as some of today’s cutting-edge features 
become standard and new features are im¬ 
plemented. To name just a few, many tum- 
of-the-century cars will sport active sus¬ 


pensions; four-wheel steering; automatic 
personalized setting of seats, mirrors, 
steering wheels, radios, and cellular phones; 
collision-warning systems; active acoustical 
noise cancellation; navigational systems; au¬ 
tomatic toll collection; and enhanced 
controls for engines, transmissions, sus¬ 
pensions, brakes, and air bags. Beyond that, 
things may get really exotic: active collision 
avoidance, four-wheel steer-by-wire systems, 
highway condition warnings, dynamic 
routing, and a host of personal peripherals 
that can be gathered under the rubric of the 
mobile office [see figure, below). 

To automobile manufacturers, these 
prospects are both a dream and a night¬ 
mare. The dream is selling all that ex¬ 
pensive electronics at a handsome markup. 
The nightmare is ensuring that it works. 
How do companies whose main expertise is 
cutting metal suddenly become world-class 
electronics testers? By teaming up with test 
experts. 

This is hardly a new idea; efforts by 
Jaguar Cars Ltd., Coventry, UK, to deal with 
the increasing electronics content of its ve¬ 
hicles go back at least 10 years, to when it 
asked a small British company (now GenRad 
Corp.’s Automotive Test Products Division, 
in Manchester) to develop a tester for its 
sports cars. The resulting product, launched 
in 1986, was a service-bay diagnostic cart 
that guided auto mechanics through complex 
diagnostic procedures. Its success caught 
the eye of Ford of Europe Inc., Brentwood, 
UK, which had GenRad develop a portable 
diagnostic unit for its cars. 

The hand-held diagnostic unit has a 
liquid-crystal display and touch-sensitive 
screen. Since it cannot hold all the test in¬ 
formation for every vehicle it may be called 
upon to test, it downloads what it needs 
from a compact-disc (CD) ROM drive in its 
companion base station. 

Because automotive repair requires ex¬ 
pertise in both test technique and infor¬ 
mation retrieval, it is a particularly suitable 
field for Hewlett-Packard, with its computer 
and instrumentation operations. And indeed 


H-P is a major player in the field, having de¬ 
veloped service-bay diagnostic systems for 
such well-known auto makers as Ford of 
North America, Fiat, Rover Cars, and 
Caterpillar. These systems, it should be em¬ 
phasized, are not pie-in-the-sky dreams. In 
North America alone, they have been de¬ 
livered to some 4000 of Ford’s 5000-odd 
dealerships. In addition, H-P has provided 
1200 systems for Fiat in Italy, and has made 
2000 for Rover in the UK. 

One of the keys to successful automotive 
diagnostics, according to Bill Duncan, 
managing director of GenRad’s Automotive 
Test Products Division, is flexibility for the 
mechanic. That is, if there is a fault in a 
car’s central locking system, and one of the 
doors has a large dent in it, the mechanic 
should not be forced to follow a rigid routine 
that checks all four doors in sequence, 
looking for the trouble spot. 

In the future, Duncan said, systems will 
be even more flexible. They will have the 
ability to generate alternative diagnostic se¬ 
quences when circumstances make it im¬ 
possible to carry out the primary sequence. 
For example, if a mechanic is working alone, 
he or she will not be able to press the brake 
pedal while working under the hood. So the 
test system must find another way to 
achieve the desired result. Similarly, Duncan 
maintains, “just because a technician has 
broken one of his probes does not mean an 
end to diagnostics, simply that the computer 
must find a different sequence to achieve 
similar ends.” 

AUTOMATIC CALIBRATION. In the past, caUbra- 
tion was mostly a compliance-driven busi¬ 
ness; it was required by contract, most often 
military. Today, a new iiver has come on the 
scene: ISO 9000, the Geneva-based Inter¬ 
national Organization for Standardization’s 
framework for structuring a quality man¬ 
agement system. Stated very briefly, what 
ISO 9000 says is, write down what you do, 
do what you have written down, and have a 
process in place to control things; in other 
words, develop standardized procedures for 
everything you do, and then follow those 
procedures. 

Therein lies its relevance to automatic 
calibration. For, as Don Dalton, marketing 
manager for the Calibration Products 
Group at the Fluke Corp., Everett, Wash., 
put it, “If a documented procedure says that 
a voltage is to be measured to within a mil¬ 
livolt, the question naturally arises, ‘how do 
you know that you are doing what you said 
you would do?’ ” 

CaHbration, especially of very accurate in¬ 
struments, has always had a human ele¬ 
ment, and people are not always consistent. 
They sometimes forget to dial in proper 
correction factors; they occasionally use the 
wrong kind of leads; and they frequently 
differ in their judgment about when a 
pointer is exactly at zero. 

Computers can help eliminate those in¬ 
consistencies. In the very best instance— 
what Dalton calls closed-case calibration— 
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If Hewlett-Packard Co.'s analysis is correct, air bags and anti-lock braking systems will 
turn out to be small potatoes compared with coming developments in powertrains and per¬ 
sonalization. Even more hopeful is the promise ofIVHS and hybrids for the longer term. 
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FAUBERT: Mainstream logic designers need to master new hardware and software design skills 


Advanced microprocessor technology has 
made an indelible mark on leading-edge elec¬ 
tronic products. The Intel 80486, for exam¬ 
ple, pushed computer system clock rates up 
to 66 MHz, pumped the 
bulk of system functionality 
into software, and boosted 
pin counts up to the hundreds. In response, 
market leaders such as Intel, Compaq, Apple, 
Sun Microsystems, and IBM have made fun¬ 
damental shifts in the way they develop prod¬ 
ucts that are inherently faster, more heavily 
dependent on software functionality, and 
physically denser. 

Now chip manufacturers have designed 
’ special versions of their microprocessors— 

with lower prices and power-saving modes, 
for example—for mainstream applications. 
To use these chips, most system designers 
will have to assimilate the techniques, pro¬ 
cedures, and equipment defined by the lead¬ 
ing-edge companies for system design and 
verification, along vnth a formal method for 
software development. 

The challenges of using advanced micro¬ 
processors result from three general char¬ 
acteristics of today’s microprocessor-based 
systems: faster signals, larger software con¬ 
tent, and denser physical packaging. 

The faster signals require that designers 
of microprocessor-based systems master 
some unfamiliar technology. With clock rates 
often exceeding 33 MHz, pulse edges may 
measure less than a nanosecond—roughly 
the same magnitude as the propagation delay 
along the interconnect in an electronic 
assembly. Consequently, digital signal paths 
behave more like transmission lines than 
lumped-parameter media. To understand 
and accommodate the resulting analog 
effects in the signals, systems designers will 
I have to familiarize themselves with trans- 
mission-line theory. 

The problem is compounded by the ex¬ 
tremely fine pin spacings and dense inter¬ 
connect requirements of modem IC packag¬ 
ing, which forces the signal lines on printed- 
circuit boards to be very close to each other. 
The combination of close proximity and high 
speed aggravates crosstalk effects. In addi¬ 
tion, fast pulse edges and fast, simultaneous 
switching of many signals along 32-bit data 
paths can induce a voltage drop in ground 
connections. This ground boimce reduces 
system noise margins. 

To control these effects, systems design- 
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ers will need to model the physical structure 
of their IC packaging and assembly inter¬ 
connect. By applying expected signal wave¬ 
forms to the physical models, they can then 
predict high-speed signal effects—and 
design around them. 

Furthermore, the designers' instrumen¬ 
tation must be sophisticated enough to catch 
any timing problems, however infrequent, 
when high-speed effects persist in prototype 
systems. 

The larger software content of today’s 
computer systems is made possible largely by 
the Wgh clock rates and sophisticated designs 
of advanced microprocessors that are capa¬ 
ble of executing many millions 



of instructions per second. This 
bandwidth can perform most of 
the functions in a mainstream 
electronic product. In fact, it 
often allows designers to create 
products with many more fea¬ 
tures than previously possible. 

As a result, systems design¬ 
ers who incorporate a new 
microprocessor into a product 
can expect to spend much 
more time on software devel¬ 
opment than they did with pre- ‘The Challenges of using 
vious generations of products. advanceU microprocessors ers have already developed and 
Instead of creating line after result from three general adopted solutions for control¬ 
line of firmware, they must Characteristics of today's 
adopt a top-down system de- microprocessor-hased 
sign approach to software systems: faster signals, 
development, one that largely larger software Content, 
replaces firmware engineering and denser physical 
with a formal software depart- 


printed-circuit boards and multichip mod¬ 
ules—^use more signal layers and finer traces, 
both of which further complicate probing. 

On the other hand, with the sophistica¬ 
tion of microprocessor-based products, the 
need for access during prototype debug and 
manufacturing test is only increasing. Sys¬ 
tems designers must therefore create ways 
to ensure that their designs can be tested and 
verified. For starters, they should consider 
innovative mechanical access techniques, 
such as flexible probe adapters. 

More important, systems designers need 
to use design for testability (DFT) methods 
right from the beginning of the design cycle. 

The most widely practiced and 
supported DFT method, bound¬ 
ary scan, has already been 
implemented in some micro¬ 
processors and is supported by 
instrumentation and automatic 
test systems. Besides this 
proven approach, other electri¬ 
cal test methods such as built- 
in self-test promise to improve 
testability in the next few years. 

Working with top test and 
measurement manufacturers, 
leading-edge systems design- 


ment dedicated to developing 
structured code. 

Once the software is developed, systems 
engineers must find an efficient way to debug 
their code. They can use the sophisticated 
debug and system integration tools already 
in use at leading electronics companies. 
These tools can work in a networked envi¬ 
ronment to support and facilitate a team 
approach to software engineering. 

The tight pin spacings of the f 
which advanced devices are housed are a par¬ 
ticular source of frustration. Some surface- 
mounted packages have extremely fine pin 
pitches—^.5 mm and even smaller—^whdch 
are difficult or impossible to probe with con¬ 
ventional means. 

To accommodate the higher pin count of 
these devices, electronic c 


ling the complications intro¬ 
duced by advanced micro¬ 
processors. Now these solu¬ 
tions are beginning to trickle 
down to the general commu¬ 
nity of systems designers. By 
working closely with manufac¬ 
turers of test and measuring equipment, 
mainstream systems designers can learn 
about those new tools and use them to put 
advanced microprocessors to work. 

Richard (Richie) Faubert has more thart 25years' 
experience in the test and measurement industry 
and is currently the general manager of the Instru¬ 
ments Business Unit at Tektronix Inc, Beaverton, 
Ore., where he has P&L responsibility (or six prod¬ 
uct lines. Previously, he worked for GenRad (for¬ 
merly General Radio Co.) as a design engineer and 
later held continually advancing positions in vari¬ 
ous areas. He spent his last five years with Gen- 
Rad as vice president of new product development. 
He is also the president and a director of Colorado 
Data Systems and is on the board of directors of 
Radisys Corp. 


both the instrument being calibrated and the 
calibrator are controlled by a computer, most 
often via an IEEE 488 bus. The case remains 
on the instrument, ensuring that the electro¬ 
magnetic and thermal environments will be 
the same as in normal use, and human 
judgment is reduced as a variable. 

For instruments that cannot be com¬ 
pletely controlled by a computer, various 
degrees of automation are possible, from 


computer-prompted calibration, in which 
everything is done manually, to computer- 
aided calibration, in which the computer 
maintains instrument histories, prompts the 
operator, calculates errors, and may or may 
not control the calibrator and instrument 
settings. With computer-aided calibration, 
the operator may still take the readings and 
input data to the computer. 

Whatever the degree of automation, it 


improves the consistency of calibrations and 
documentation, and can therefore help com¬ 
panies with their ISO 9000 certifications. 
Since there are only about 2000 certified 
companies in the United States right now, 
and experts estimate that between 250 000 
and 300 000 companies will need certifi¬ 
cation by the year 2000, automatic calibra¬ 
tion is poised to become one of the market’s 
brighter spots in the years ahead. ♦ 
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Power and energy 


W 


as the 1992 passage of the 
sweeping U.S. Energy 
Policy Act a fluke—a rare 
instance of policy consen¬ 
sus amid a status quo 
marked by drift and dis¬ 
organization on energy 
issues? 

Disturbingly, last year’s signs tend to con¬ 
firm this thesis. In July, the U.S. Senate 
unceremoniously discarded the Clinton 
administration’s widely criticized BTU tax, 
the culmination of intensive study and a suc¬ 
cession of energy-tax proposals. Moreover, 
the Senate acted in the wAe of a presiden¬ 
tial election in which energy issues were 
“clearly not on the national agenda,” in the 
words of Charles Ebinger, executive vice 
president of the International Resources 
Group, a consulting organization in Wash¬ 
ington, D.C. Ebinger had advised the Clin¬ 
ton campaign on energy issues. 

“We are in a period of deep need for self¬ 
correction with the Clinton energy program,” 

Ebinger concluded after surveying the young 
Administration’s false starts on the energy 
front in a speech last summer before the 
Carnegie Council on Ethics and International 
Affairs, in New York City. 

A similar spirit of ineffectuality gripped 
Europe. Years of struggle to abolish national 
monopolies of electricity sales and trans¬ 
mission, as well as to open up Europe’s 
transnational power grids, have pretty much 
come to nothing. Disgusted by the lack of 
progress, the competition minister of the 
European Union (formerly called the Euro¬ 
pean Community), Karel van Miert, UipUl IPUTQ 
sought last May to haul six countries nlUnLIUn IO 
before the European Court of Justice | PgUcy ineffeCtUallty tUlBS 
to force an end to their recalcitrant ■ 

national monopoUes. ■ Nsw FERC commissionefs get mvolveil 


Formulating effective regulations in these 
areas is the responsibility of the U.S. Federal 
Energy Regulatory Commission (FERC) and, 
to a lesser extent, of the Department of 
Energy (DOE); thus the appointment of top 
officials for both agencies was among the 
Clinton administration’s most significant 
activities in energy policy. 

Among industry insiders, attention focused 
on the FERC, where a host of critical issues 
await resolution or implementation. Extraor¬ 
dinary circumstances gave the new President 
an opportunity to name four of the FERC’s 
five commissioners. Although opinions vary 
on his appointments, the commission has 
earned early praise in some quarters for 
quickly affirming its commitment to fostering 
competition in U.S. electricity markets and for 
patching up relations with the National Asso¬ 
ciation of Regulatory Utility Commissioners, 
an organization of state regulators with whom 
it must cooperate in regulating interstate util¬ 
ity holding companies, wholesale purchases of 
electricity, and so forth. 

“The four new commissioners of the 
FERC and chair [Elizabeth] Moler are 
actively engaged in these areas, and we are 
delighted,” said David K. Owens, senior vice 
president for finance, regulation, and power 
supply policy at the Edison Electric Institute 
(EEI), the trade organization representing 
U.S. investor-owned utilities. In the past, he 
noted, “the criticism was that the staff was 
fully engaged on these issues and the com¬ 
missioners were not.” 

Of particular interest is how the FERC will 
implement the new powers invested in it by 


These looser rules were adopted March 
20, and within seven months some 80 appli¬ 
cants had filed to be exempt wholesale gen¬ 
erators. At press time, 50 applications had 
been approved, 11 were denied or withdrawn, 
and the rest had not been decided. 

Since the formation of more of these 
exempt wholesale generators does little for 
competition without provisions for getting 
their electricity wherever it may be needed, 
the act included strong clauses permitting 
the FERC to order utilities to transmit power 
for other organizations—exempt wholesale 
generators, municipal utilities, and indepen¬ 
dent power producers, for example—at “just 
and reasonable” rates determined by the 
FERC. This was the Energy Policy Act’s sec¬ 
ond—and to many observers more impor¬ 
tant—competitive measure. 

“Transmission access is the big issue this 
year,” said Alan Richardson, assistant exec¬ 
utive director of the American Public Power 
Association, a Washington, D.C.-based trade 
organization representing municipal and 
other publicly owned utilities. “There is no 
Clinton energy plan as such,” he continued. 
“But it would certainly appear that we have 
new commissioners sensitive to the pro- 
competitive aspects of the national Energy 
Policy Act.” Although the FERC is still sort¬ 
ing out many details of how to implement 
them, the beginnings of an industry-wide 
transformation are already evident, in 
Richardson’s view. 

“What’s exciting are the changes that are 
going to be occurring in this industry as a 
result of transmission access,” he said. “What 
we are going to see is a much more 
competitive bulk-power market. 
There will be more generators of bulk 
power and more opportunities for 
utilities to work the market. Several 


In Asia, meanwhile, inadequate sup- I The Clean Air Act encounters a rocky start investor-owned utilities ai 


/wefc 

buoyant and burgeoning economies. Through¬ 
out the region, there was no discernible letup 
in the scramble for more megawatts; giant 
projects were announced and construction 
contracts awarded—many to Western com¬ 
panies—for work in Indonesia, Malaysia, 

Hong Kong, Vietnam, and Japan. 

IN WITH THE NEW. Problems of a very differ¬ 
ent sort confront the more mature, diverse, 
and freewheeling U.S. utility industry, which 
is often closely watched in matters pertain¬ 
ing to energy policy and operations practices. 


Glenn Zorpette Senior Associate Editor 


the Energy Policy Act of 1992. These encour¬ 
age competition in two significant ways. The 
first is the streamlining and liberalizing of the 
rules on the formation of exempt wholesale 
generators of electricity, producers who sell 
electricity to utilities but are not subject to 
the regulations governing them. Previous 
U.S. legislation created and sustained these 
exempt wholesale generators, but the Ener¬ 
gy Policy Act loosened the rules to permit 
more kinds of organizations to qualify under 
this category. (This far-reaching legislation 
was described in more detail in last year’s 
“Power and energy” roundup.) 
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the municipal utilities as market 
opportunities, since the municipals 
are no longer tied to the investor-owned util¬ 
ities around them. There’s a different atti¬ 
tude in some areas. We are already seeing 
rate reductions in bulk-power contracts.” 

Indeed, the extent to which private and 
public utilities have sought to use the legis¬ 
lation for mutual advantage rather than con¬ 
frontation was somewhat unexpected. None¬ 
theless, disputes over the use of expensive 
and limited transmission resources are in¬ 
evitable. In an attempt to formulate more 
detailed policy for coping with them, the 
FERC issued a notice of inquiry inviting com¬ 
ment on how bulk-power transmission sys- 
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terns should be used, how their use should be I 
I priced, and so on. Many investor-owned util- j 
ities, in particular, have chafed under some I 
; of the FERC’s practices in this area. 

Suppose, for example, that one utOity is 
supplying electricity to another in a short- ; 
term economy, or “opportunity,” transaction, 
and a third party wants to use the utility’s 
transmission system. The FERC permits the 
utility to be compensated either for the rev¬ 
enue lost because of the discontinued short¬ 
term transaction or for the embedded costs 
of the deal with the third party—^whichever 
is higher. Embedded costs are an estimate of i 
the deal’s total costs, including feed and 
operating costs, depreciation, and even such 
minutiae as the cost of sending bills and pay- , 
ing accountants’ salaries. 

The Edison Electric Institute’s position 
is that the utility should be compensated for 
the sum of the two quantities, a better reflec- ' 
tion of its true costs, according to Owens. A 
related issue concerns third-party transac- ! 
tions in which the flow of electricity, not now 
controllable to any meaningful extent, pre¬ 
cludes an opportunity transaction. At pres¬ 
ent, utilities cannot demand compensation 
for the lost opportunity, a prohibition the 
institute is seeking to have lifted. 

Technology will eventually help solve such 
problems, though a decade may pass before 
it is in widespread use. The first of several 
long-awaited Flexible AC Transmission Sys¬ 
tems (Facts) was formally unveiled by the 
Electric Power Research Institute, Palo Alto, 
Calif., last September [see Narain Hingo- 
rani’s “Viewpoint,” next page]. Facts and its 
descendants will eventually give utility engi¬ 
neers more control over load flows. 

Such prickly transmission issues have ' 
become downright thorny in Europe, where 
they are seriously complicated by the inter¬ 
national dimension. Although the European 
Union has been trying to foster competition 
i in its electricity markets for almost as long as 
I the United States has, progress has been lim¬ 
ited, to say the least. Last spring, van Miert, 
the competition minister, accused Spain, 
France, Italy, Ireland, and the Netherlands 
of breaking Union rules by maintaining elec¬ 
tricity transmission monopolies. His aggres¬ 
sive stance surprised utility officials and other ' 
Union bureaucrats, who had expected the 
Belgian socialist to be less zealous in push¬ 
ing competition than his predecessor. Sir 
Leon Brittan. 

Department of Energy R&D budgets 



Power-eguipment markets in the developing world 

Projected average annual growth in Where capacity is being added 

electricity usage through 2000 



With electrical demand growing at a rate more than three times that in the United States, 
the importance of the developing world as a market for heavy-electrical equipment is surg¬ 
ing. Within the developing world, Asia accounts for nearly two-thirds of capacity additions. 


Even so, there was absolutely no talk of a 
U.S.-style solution, in which, for example, the 
Union’s energy directorate could order a 
national utility to wheel electricity and set fees 
for the service. Instead, the Union was said 
last summer to be considering a policy that 
would require a utility to explain itself if it re¬ 
fused to transmit power for two other parties. 
WHAT POLICY? In the United States, the much 
larger question of a sensible, long-term pol¬ 
icy remains elusive, some believe, despite the 
passage of the Energy Policy Act and 
progress on transmission access. According 
to Ebinger, the country is “pursuing a strat¬ 
egy, for the most part, in which the plants 
being built are the ones that can be built at 
least cost. Life-cycle costs are ignored. That 
means that natural gas, combined-cycle 
plants are now the plants of choice.” 

Ebinger’s fear “is that I don’t believe that 
natural gas is going to remain cheap,” he 
explained in an interview. “What has stood 
this country very well for decades is a diver¬ 
sified energy mk. We should continue that 
policy while exploring new technologies as 
well: solar, clean coal, second-generation 
nuclear, hydrogen.” 

With one notable exception—nuclear 
power—the Clinton administration’s 1994 
budget does support a wide range of advanced 
generation technologies [see table, left]. Fund¬ 
ing in nuclear research and development will, 
however, drop from US $345.4 million last 
year to $182.2 million in 1994, reflecting the 
Administration’s intention to curtail work on 
future generations of reactors. 

Other winners in the Clinton budget in¬ 
clude renewable energy and conservation 
programs, particularly those involving the 
commercialization of research, the process¬ 
ing of industrial wastes and materials, elec¬ 
tric and hybrid vehicles, advanced ceramics 
and other materials, and modeling of the 
operation and interaction of the electrical 


systems of buildings and the environment. 
From 1994 to 1998 the proposed DOE bud¬ 
get for renewable energy and conservation 
will come to about $L9 billion. 

Among utilities, most conservation activ¬ 
ities fall within a category called demand-side 
management, a catchall term for programs 
that promote the use of more efficient lights, 
appliances, and equipment among both com¬ 
mercial and residential customers. Most of 
these programs are actively encouraged by 
state government and regulatory agencies, 
setting up a subtle tension with the FERC’s 
agenda of giving large users of electricity an 
attractive array of supply options, such as co¬ 
generation, buying power from an exempt 
wholesale generator, or actually becoming an 
exempt wholesale generator. 

“It is difficult to provide for social rate¬ 
making in an environment where there is 
increasing competition,” noted the EEI’s 
Owens. “How that will shake out, I have no 
idea,” he added. “But I would argue that util¬ 
ities have to have options,” such as making 
deals for bulk power, pushing demand-side 
management, or some combination of these 
or other strategies. 

NO FREE LUNCH. Utilities planning their 
energy future need accurate projections of 
the costs and benefits of all their options. 
Research by two economists at the Massa¬ 
chusetts Institute of Technology, in Cam¬ 
bridge, has raised eyebrows by suggesting 
that utilities often systematically understate 
the costs of energy conservation and over¬ 
state the savings. 

In an article in the July issue of The Elec¬ 
tricity Journal, Paul Joskow and Donald Mac¬ 
ron reported that a study of 10 demand-side 
management programs revealed average 
costs of 3.4 cents per kWh saved—more 
than five times the 0.6 cents cited by the 
Rocky Mountain Institute, Boulder, Colo., and 
substantially above other industry estimates 
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as well. The authors did not question the 
soundness of demand-side management in 
itself but concluded: “while we think that 
there is more than a free snack out there 
that utilities can help to capture, the free ban¬ 
quet with caviar and champagne that the 
public is often promised is not likely to be 
achievable with current practices.” 

Unfortunately, this scenario seemed to be 
characteristic of last year’s trend: good ideas 
and intentions about energy undermined by 
confusion and inadequate planning. Take the 
Clean Air Act amendments, which are more 
than three years old, though Environmental 
Protection Agency (EPA) officials still have 
not decided how to implement them. Last 
summer, after U.S. utilities had drawn up 
complex plans to comply with the amend¬ 
ments, the EPA changed a number of provi¬ 


sions, rendering some plans invalid. 

“This has created some confusion in the 
marketplace,” said Alan S. Taylor, a senior 
associate in the Boulder, Colo., office of 
RCG/Hagler, Bailly Inc. “Some utilities run 
the risk that their compliance plans might 
not be accepted.” 

The changes mainly involved the reduced- 
utilization and substitution-unit rules, which 
deal with moving up the compliance date of 
generating plants that otherwise would not 
be affected until the year 2000. Under the 
agency’s original plan, a utility that volun¬ 
tarily advanced the compliance date for such 
units to 1995 (rather than 2000) would reap 
various benefits; the changes, however, 
scaled them back. 

This vras said to have been partly respon¬ 
sible for the enervation of the EPA’s novel 


emissions-credit trading scheme after a 
much ballyhooed start. The basic idea was 
to curtail pollution by literally requiring util¬ 
ities to pay for the right to pollute beyond a 
certain level. Last March 29 the EPA kicked 
off the program by holding a Chicago auction 
in which “allowances” permitting a utility to 
emit 1 ton of sulfur dioxide were sold at 
prices ranging from $122 to $450 apiece. For 
comparison, scrubbing a ton of that pollutant 
from a smokestack is said to cost as much 
as $500. 

Shortly after the auction, an electronic 
Allowance Tracking System was supposed to 
automate the whole process, permitting the 
allowances to be bought and sold much like 
any other commodity. The EPA, however, 
failed to get the system working. Then the 
rule changes produced confusion, which took 


HINGORANt: The Energy Policy Act compels utilities to unbumlle generation, transmission, ami distribution 


During 1993, the electric power industry in 
the United States started a period of 
unprecedented change as a result of the 
Energy Policy Act of 1992. Among other pro- 
visions, this act mandates 
wholesale access to utility 
•********* transmission systems by 
nonutility—and largely unregulated—gen¬ 
erators. Given the different regulatory over¬ 
sight and competitive forces for the various 
parts of the utility business, the act is in effect 
causing utilities to unbundle their traditional 
services of generating, transmitting, and dis¬ 
tributing power. 

Under varying circumstances, unbundling 
is also taking place, or has taken place, in 
many countries around the world, where the 
key motivation is to privatize the govern- 
ment-ovmed utilities and introduce compe¬ 
tition on the generation side. Many devel¬ 
oping countries are also motivated by the 
need to attract capital to finance, build, and 
operate electric energy facilities. 

Generally, vertically integrated utilities are 
beginning to move toward a more loosely 
connected, three-part business structure. 
The generation side of the business is 
emphasizing least-cost production and 
wholesale marketing of electric power as a 
commodity. The transmission side is empha¬ 
sizing integration and wheeling under set, 
or yet-to-be-defined, rules, and the distribu¬ 
tion side is emphasizing value-added services 
to meet specific customer needs. 

As utility services are being unbundled, 
however, the vast interconnected power sys¬ 
tems must continue to operate as a tightly 
integrated unit to ensure an economic and 
reliable power supply. Indeed, the electric 
power system is probably the most complex 
‘taachine” ever invented, with individual 
parts—such as generators separated by 
thousands of kilometers—moving together 
with millisecond synchronicity. The highly 
interconnected transmission grids that span 
control areas and state and national bound¬ 
aries are essentially the glue holding the gen¬ 


erators and loads together. From a techni¬ 
cal point of view, the greatest challenge 
posed by open access and increasing com¬ 
petition is to ensure that this “glue” contin¬ 
ues to hold, and that the economies of inte¬ 
gration enhance interconnected systems 


Facts technology is already running high. 

Improvements in power quality are also 
continuing, particularly in the industrial and 
commercial sectors. Increasing automation 
has brought not only increased productivity 
but also greater vulnerability to what were 


without sacrificing their security, even as util- once relatively innocuous disturbances in 



ities themselves change fundamentally. 

In the United States, about 40 percent of 
the electricity generated is sold by the pro¬ 
ducing utilities through wholesale transac¬ 
tions to other utilities. Unbundling transmis¬ 
sion services wOl probably 
increase the number of bulk 
sales and alter the power-flow 
requirements considerably. 

Also, more players—including 
unregulated, independent 
power producers, some large 
and some small, and many 
without high-speed controls— 
will be using the transmission 
network to make increasingly 
complex transactions. Put 
bluntly, the transmission sys¬ 
tems are being required to per- 'Fro/JI 3 tBChniCSl point 
form services for which they Of View, tilB greatest 
were not originally intended. ChOlienge posed by open 

To maximize power trans- access iS tO [enhance 
fer, the Electric Power Re- economy] Without 
search Institute (EPRI) has Sacrificing... security' 
pioneered a technologically 
sophisticated, power electronics-based Flex¬ 
ible AC Transmission System (Facts). 

Through selective use of thyristor-based 
controllers. Facts offers utilities a unique, 
threefold opportunity to meet the challenge 
of transmission access. First, its technology 
enables them to increase or decrease power 
flow on specific lines. Second, the incompa¬ 
rable speed of thyristor switches allows 
almost instantaneous control of transient dis¬ 
turbances. Third, Facts controllers allow 
transmission lines to be loaded closer to their 
inherent thermal limits, thus enhancing the 
available capacity of transmission systems. 

Small wonder, therefore, that interest in 


power systems. On today’s automated lines, 
a loss of power for one cycle can interrupt 
production or lead to defective products. 

Also vulnerable to a variety of other power 
disturbances are the integrated circuits that 
are the heart of manufacturing 
system controls. These chips 
can unfortunately be damaged 
by sags, surges, harmonic dis¬ 
tortion, and high-frequency 
electronic noise. 

In response to the problem, 
EPRI has pioneered a power 


Custom Power, which utilities 
may use to provide customized, 
higher-quality power to cus¬ 
tomers with sensitive loads. 
Initial users of the service are 
expected to be large industrial 
facilities and commercial devel¬ 
opment parks. 

In generation, too, there 
have been big changes. The 
low cost of gas in many devel¬ 


oped countries coupled with the increased 
efficiency of combined-cycle gas turbines, 
rapid delivery of small units (up to about 200 
MW), and a favorable regulatory environ¬ 
ment have shifted new generation from large 
central power plants to small or gas-fired 
ones installed closer to the load centers. 
Although they are now supplanting large, 
central power plants, it is unclear if in the 
long run customers will end up paying less or 
more for their electric energy. 

In the developing countries, on the other 
hand, coal and hydroelectric units predomi¬ 
nate among the facilities under construction. 
With the demand for electric energy surging 
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its toll on the market in allowances. “Utilities 
that thought they had credits to sell are now 
finding they may need to buy them,” 
explained Taylor. 

RUNAWAY GROWTH. Such problems are best 
viewed in perspective, since many an Asian 
country would gladly substitute them for its 
own. Almost everywhere in Asia, the story is 
the same: electrical demand, already well 
above capacity in most places, is grovwng at 
a pace that outstrips any realistic plans to 
keep pace with it. 

In one of the most troubled countries, the 
Philippines, President Fidel Ramos signed a 
bill last April giving him special powers to 
address a supply situation so bad that daily 
outages of up to 8 hours had become normal. 
A power failure in Malaysia blacked out most 
of the country for as many as 24 hours last 


in these countries, the multinational compa¬ 
nies have turned their attention to meeting 
those needs. 

In the United States and many other 
developed countries, it has become popular 
to glorify very small generators under a con¬ 
cept called distributed generation. Modular 
generation technologies in particular, such as 
fuel cells, gas turbines, and photovoltaics, 
lend themselves to this approach. These 
units have capacities in the range of a few 
kilowatts to a few megawatts and can be 
installed quickly, with relatively small finan¬ 
cial risk. However, the possibility of these 
geographically dispersed generating and 
storage units being connected to a utility’s 
distribution or subtransmission system has 
raised issues related to the control, reliabil¬ 
ity, and safety of these systems. 

Much progress has been made in devel¬ 
oping specific distributed generation and 
storage technologies. The first commercial 
variable-speed wind turbine has been intro¬ 
duced and is expected to expand the wind 
energy market, with prototype units installed 
in California and New York. Demonstrations 
of 2-MW molten-carbonate fuel cells are get¬ 
ting under way, and photovoltaics is being vig¬ 
orously commercialized as a possible signif¬ 
icant contributor to the electric supply. 

Today the electric utility industry stands 
poised for the largest transition in its recent 
history. Rapid deregulation, which received a 
strong impetus during 1993, challenges util¬ 
ities to become not only more competitive 
but also more innovative. Fortunately, a vari¬ 
ety of new technological opportunities are 
becoming available that will help the indus¬ 
try meet the challenges ahead. 

NarainG. Hingorani (F) is vice president of the elec¬ 
trical systems division at the Electric Power 
Research Institute in Palo Alto, Calif In 1985, he 
received the Uno Lamm medal from the IEEE Power 
Engineering Society (PES) for contributions to high- 
voltage direct-current technology. He is a member 
of the PES's executive board. 


September. More than half of Indonesia’s 185 
million people do not have electricity at all. 
In Vietnam, a drought caused outages that 
lasted four days a week for several weeks in 
Ho Chi Minh City (formerly Saigon). 

As might be expected, these and other 
Asian countries are adding capacity as quick¬ 
ly as their resources allow. The world’s larg¬ 
est suppliers of power generation equipment, 
General Electric Co., Fairfield, Conn., and 
ABB Asea Brown Boveri & Cie. AG, Heidel¬ 
berg, Germany, believe that Asian orders will 
account for roughly a third of their equip¬ 
ment sales over the coming decade, up (in 
the case of ABB) from about a fifth today. 
According to the World Bank, additions to 
Asia’s electric capacity already account for 
62 percent of the increase throughout the 
developing world [see chart on opening 
spread]. 

Early in 1993, the Indonesian government 
granted an investment license to Mission 
Energy Co., Irvine, Calif., which is leading a 
consortium of U.S., Japanese, and Indonesian 
companies in a planned $2 billion project to 
build two 600-MW coal-fired plants. 

In the PhiEppines, a bitter, five-year legal 
fight over an eight-year-old, $2.3-billion, 620- 
MW nuclear plant on the Bataan peninsula 
appeared at an end. In October, President 
Ramos announced that the (jovemment was 
close to an out-of-court settlement with 
Westinghouse that would oblige the Philip¬ 
pines to drop all litigation against the com¬ 
pany and to cease eschewing its products, 
in exchange for two 100-MW turbines valued 
at about $50 million. 

AMRITIOUS RESTRUCTURING. If the deal was 
good news for Pittsburgh-based Westing- 
house, it came in a year when the once colos¬ 
sal equipment maker needed all it could get. 
Troubled by bad loans from a calamitous ven¬ 
ture into financial services in the 1980s, the 
company is in the midst of an ambitious 
restructuring. Last year, CEO Paul E. Lego 
departed with a vast severance package; 
Michael H. Jordan was appointed to succeed 
him; and the compan/s electrical distribution 
and control equipment business was sold, for 
$1.1 billion plus certain liabilities, to Eaton 
Corp., Cleveland, Ohio. The sale was the first 
of four that are planned to help Westing- 
house escape its crushing debts. 

On the brighter side, the company’s recent 
turbine partnerships—one vnth Mitsubishi 
Heavy Industries and FiatAvio, the other 
with Rolls Royce—seem to be doing well. 
In August, the Tennessee Valley Authority 
(TVA), Knoxville, gave the Westinghouse- 
RoUs Royce alliance a $39 million contract to 
supply four low-pressure turbines to the 
TVA’s Colbert Power Station, in Alabama. 
Last year, Westinghouse and Mitsubishi com¬ 
missioned a 1725-MW combined-cycle plant 
—Britain’s largest—in Teesside, England. 

Overall, Westinghouse’s power generation 
business, based in Orlando, Fla., has in five 
years seen its aimual sales rise $1 billion to 
$1.7 billion. The Westinghouse-Mitsubishi- 
FiatAvio triumvirate is now the world’s sec¬ 


ond largest producer of combustion turbines, 
behind General Electric. 

Like GE, Westinghouse has managed to 
keep its nuclear business alive with mainte¬ 
nance, service work, and overseas orders, or 
the prospect of them. It is increasingly doubt¬ 
ful, however, that this state of affairs can be 
sustained. In a report last September, the 
congressional Office of Technology Assess¬ 
ment (OTA) concluded that “long-term 
prospects for the 107 operating plants that 
supply more than 20 percent of the electric¬ 
ity [in the United States] are increasingly 
unclear.” 

The economics of nuclear power have 
come to seem less and less appealing against 
a backdrop of more and more competition 
in U.S. power markets. In the past four years, 
the report noted, six plants have been retired 
long before the expiration of their operating 
licenses. 

One of the afflictions besetting the U.S. 
nuclear industry is the lack of a repository 
for high-level nuclear waste. In August, 
reflecting the urgency of the problem and a 
general lack of confidence in the DOE’s abil¬ 
ity to implement its plan to open a perma¬ 
nent repository beneath Nevada’s Yucca 
Mountain in 2010, the industry began seek¬ 
ing an interim repository. Talks were held 
with several Native American tribes about 
the possibility of setting up such a repository 
on their lands in exchange for payments that 
could be as high as $50 million a year for two 
decades. 

WELCUME TU THE CLUR. On the whole, there 
were relatively few auspicious nuclear devel¬ 
opments anywhere in the world. At press 
time. North Korea’s transformation into a 
renegade nuclear state seemed almost com¬ 
plete: as a result of the protracted on-again, 
off-again standoff between it and the Vienna- 
based International Atomic Energy Agency 
(IAEA) over a nuclear research facility at 
Yongbyon, that country was declared in vio¬ 
lation of its obligations as a signatory to the 
Nuclear Nonproliferation Treaty, from which 
it announced its withdrawal in March. Few 
doubt that North Korea is attempting to hide 
a weapons program. 

Any doubt that Iran has such a program 
seems to have been removed by a report last 
March that the country had secretly obtained 
beryllium—a critical component of a bomb’s 
neutron trigger—from Kazakhstan. Under 
agreements reached in 1992, Russia is selling 
Iran two WER-type reactors. 

In the light of these developments, the dis¬ 
missal of an aggressive and experienced 
nuclear-industry inspector was disturbing 
indeed. David Kay, who led some of the first 
and most successful inspection missions to 
Iraq after the Persian Gulf War, was fired 
from his subsequent post as secretary gen¬ 
eral of the Uranium Institute, a trade orga¬ 
nization in London. His op-ed Wall Street 
Journal pieces critical of the IAEA’s handling 
of its responsibilities were said to have 
angered IAEA director Hans Blix, who 
reportedly orchestrated Kay’s removal. ♦ 
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Transprtation 



rogress in flywheel bat¬ 
tery technology, in smart 
car and road systems, and 
in several rail systems 
were among transporta¬ 
tion’s high points in 1993. 
And the collision alarm 
sounded for many of the 
nation’s waterways. 

SPINNING WHEEL. Electromechanical batter¬ 
ies—flywheels—emerged as a strong chal¬ 
lenge to electrochemical batteries for elec¬ 
tric vehicles (EVs) when American Flywheel 
Systems (AFS) Inc., Bellevue, Wash., demon¬ 
strated a working flywheel model in Sep¬ 
tember [see top figure, opposite]. 

Chief executive officer Ed Furia called it 
“the silver bullet ±ey said isn’t possible.” He 
credited several advances over the last 
decade: high-strength carbon-fiber compos¬ 
ites at lower prices, magnetic bearings, and 
very large-scale integration electronics to 
control power output precisely as flywheel 
speed varies. Until recently, the potential of 
flywheels was limited because conventional 
materials shatter under mechanical stress at 
the speeds needed to store large quantities 
of energy. 

A prototype flywheel, with at least three 
times the energy density of lead acid batter¬ 
ies, is to be ready for testing late this com¬ 
ing summer. A set of 20 are to outfit a test 
car by late 1995. Each will be about 18 cm 
long and 23 cm in diameter and weigh about 
23 kg. Total weight would be 273 kg com¬ 
pared wi± 396 kg for the Impact’s current 
batteries. Furia said they will be able to pro¬ 
pel a GM Impact EV 480 km and to 
accelerate it from 0 to almost 100 
km/h in 8 seconds. 

“No serious person now questions 
the feasibility of building a high- 
energy-density flywheel battery,” 

Furia said. But, “institutional issues 
are another matter.” He noted that 
strong interest has come from Asia and 
Europe—^but not from Detroit. 

Flywheels should have many advantages 
over electrochemical batteries. Composites 
degrade gracefully and use no toxic or haz¬ 
ardous materials. Most batteries last 2-4 
years versus a projected 10-20 years for fly¬ 
wheels. Furia envisions consumers recharg¬ 
ing during nighttime off-peak hours (8 hours 
at 110 V or 5 to 15 minutes at 440 V). One util¬ 
ity has suggested ±at it lease flywheels to 
offset high initial costs. In an assessment for 


the U.S. Department of Energy QX)E), Aba¬ 
cus Technology Corp., Chevy Chase, Md., 
estimated that flywheels will meet or exceed 
most goals outlined by the U.S. Advanced 
Battery Consortium. 

BAnERY FACTORY ON THE HORIZON. A leading 
EV battery candidate moved forward when 
Electrosource Corp., Austin, Texas, and 
BDM Inc., Falls Church, Va., formed Horizon 
Battery Technology Inc. and (on Oct. 13) ded¬ 
icated a converted Austin facility to produce 
the former’s unique Horizon woven lead-acid 
batteries [see bottom figure, opposite]. The 
first battery was scheduled to leave the pro¬ 
duction line in January 1994. HBTI factory 
manager Jack Keane said that about 125 
large battery packs of 40 kWh each—equiv¬ 
alent to 380012-V battery modules—should 
be manufactured each month by the end of 
1994. The factory makes extensive use of 
automation, robotics, artificial intelligence 
and expert systems, and fiber optics, and 
should have “a zero-emission pollution sig¬ 
nature.” 

The Big Three automakers—Ford, Gen¬ 
eral Motors, and Chrysler—announced that 
the U.S. Council for Automotive Research 
(Uscar) will develop EV technologies to meet 
strict zero-emissions policies set by Califor¬ 
nia and adopted by other states. The U.S. 
Environmental Protection Agency said it 
would support California’s zero-emissions 
standards, effectively eliminating any Fed¬ 
eral challenge. In New York State, which has 
adopted the standards, a Federal judge 
agreed with a U.S. Automobile Manufactur¬ 
ers Association suit calling the rules “an 
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Flywheel battery technology ailvances 
Aircraft navigation by satellite to expantf 
High-speed rail initiative announced 
U.S. harbor approaches need remapping 

undue burden.” 

Peugeot Citroen, Paris, will introduce a 
network of 50 EV-recharging stations in 
Tours, where it will be possible to rent and 
drop off 200 EVs. Networks are planned for 
Coventry, England, and Karlsruhe, (jermany. 
Hydrogen, which will be tested by Mazda 
Motor Corp., Hiroshima, Japan, with its HR- 
X experimental car, remains a competing 
power source. Florida’s Energy Partners, 

West Palm Beach, announced the develop¬ 
ment for use in automobiles of a prototype 
hydrogen fuel cell using a proton-exchange 
membrane. 


0018-9235/94/$4.00©1994 IEEE 


Several intelligent vehicle-highway sys¬ 
tems (IVHSs) completed field tests, and the 
rVHS 20-year strategic plan was well 
received by the Clinton administration. 

“They are very, very impressed at what it 
can do,” said James Constantino, director of 
the IVHS America consortium, Washington, 
D.C., “and they are looking for national lab¬ 
oratories to take a role in the program.” A 
tactical plan to be released in the spring will 
recommend detailed near-term program 
objectives. 

Constantino said that Japan and Europe 
also are forming IVHS consortia; Canada, 
Australia, and Southeast Asia will follow: 
“Organizationally, IVHS America is the world 
leader. But the Japanese have been doing 
certain kinds of systems for about 20 years. 
While we were building the interstate high¬ 
way system, they were working on using 
technology as much as possible.” 

In a number of U.S. projects, he said, 
“progress has been exceptional.” TravTek, 
Orlando, Fla., was “an outstanding success, 
one of the real winners.” The one-year test 
equipped one hundred 1992 Toronadoes with 
navigational gear; an on-board system keyed 
to en route guidance systems provides voice 
instructions and displays computer maps at 
the driver’s request. 

Robert Rupert of the U.S. Federal High¬ 
way Administration agreed: “In general, 
everyone was overwhelmingly pleased with 
TravTek.” The 3(X)0 selected customers who 
rented cars rated the system 5.5 out of a pos¬ 
sible 6.0. 

In Los Angeles the California Department 
of Transportation is expanding its 
Smart Corridor dynamic route-guid¬ 
ance program, which will involve 
100 000 cars within five years. Cal- 
trans tested 25 vehicles in the 
1992-93 Pathfinder phase. Smart 
Corridor is used by more than 
325 000 cars a day. Two workstations 
at the Caltrans Traffic Operations Center 
fuse data to present information to the dri¬ 
vers on computer displays in the vehicles. 
Drivers liked the system and were not dis¬ 
tracted by the map and voice information, 
although they found that text was difficult 
to handle. Caltrans engineer Terry Wong 
said that Smart Corridor succeeded both as 
a multiagency and as a joint public and pri¬ 
vate project. 

In northwest Chicago, the Advanced Vehi¬ 
cle Driver and Vehicle Advisory Navigation 
Concept started testing six vehicles in mid- 
1993. Up to 5000 commercial and private 
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I (now built only in Europe and Asia), and $75 
I million for developing high-speed, nonelec- 
I trie locomotives and for safety and signal- 
iing systems. Pena suggested that military 
I gas turbine technology be applied to high- 
I speed locomotives. DOT foresees opportu¬ 
nities “to develop urban and suburban sta¬ 
tions (often as intermodal terminals) and 
revitalize surrounding neighborhoods,” as 
well as to divert intercity traffic from high¬ 
ways and to feed airlines while preserving 
their long-haul capacity. 

Amtrak Corp., Washington, D.C., tested 
Sweden’s X2000 tilt-train in the Northeast 
Corridor. In October, Amtrak also started 
testing Germany’s 260-km/h Intercity Ex- 
This engineering model shows key elements of American Flywheel Systems’ new design. Turn car- press OCE) in revenue service on ±e New 
bon-fiber rotors (counter-rotating to cancel torque effects) are encased in a vacuum hoitsing [with- York-Washington line. ICE features regen- 
out the window shown here]. Each rotor has eight permanent magnets encircled by a composite erative braking to return 8 percent power 
mass that becomes the momentum storage device as it rotates at 200 000 rpm. The rotors have through its three-phase ac drive. Amtrak was 
a common shaft with magnetic bearings to provide a virtually frictionless spin and to stabilize to request proposals for 25 train sets by the 
the rotor when the car turns. Pickup coils on the housing endplates complete the dynamo when end of 1993, with service to start in 1997, 


the flywheel powers a car, and drive the rotor to recharge the system. 


vehicles will be outfitted with in-vehicle nav¬ 
igation and route guidance systems in the US 
$40 million, five-year program. 

Motorola Inc.’s Customer Specified Inte¬ 
grated Circuits Division, Austin, Texas, 
announced a new line of digital products to 
control automobile systems. Operations 
manager Brian Gardner said the System 
Chip 68HC705V8 has the first single-chip 
multiplexing system and serial bus capable of 
eliminating many of the dozens of wires that 
now run throughout automobiles. 

“Multiplexing would take a lot of wiring 
out,” said Gardner, and allow the use of stan¬ 
dard three-wire interfaces. System Chip, 
based on Motorola’s 8-bit 68HC05, has 12 
kB of electrically programmable ROM, 128 
bytes of electrically erasable and program¬ 
mable ROM, and its own on-board voltage 
regulator. Versions of the chip are to become 


available during the coming year. 

The U.S. Department of Transportation 
(DOT) announced a five-year, $L3 billion ini¬ 
tiative to expand high-speed rail systems 
across the nation and to create partnerships 
with local govermnents to build high-speed 
rail corridors. “A strong, technologically 
advanced rail system to transport passen¬ 
gers is critical to our economic competitive¬ 
ness,” declared new Transportation Secre¬ 
tary Frederico Pena on April 28. Local funds 
and corporate investment must provide an 
additional $2 billion. 

HIGH-SPEED RAIL PROGRAMS. Under the $982 
million High-Speed Rail Assistance Program, 
Pena will designate high-speed rail corridors 
in congested areas with the greatest poten¬ 
tial. A further $303 million will support tech¬ 
nology development—$228 million for a pro¬ 
totype magnetically levitated (maglev) train 


when the National High-Speed Rail Improve¬ 
ment Project is completed. 

(iialifomia created an Intercity High-Speed 
Ground Transportation Task Force to plan 
for at least one high-speed rail line in the 
state by the end of the century. The Texas 
High-Speed Rail Authority granted an extra 
year, to the end of 1993, for Texas Supertrain, 
Austin, to complete funding: Southwest Air¬ 
lines opposes support for the project. 

In Europe, France opened its third Train 
a Grand Vitesse (TGV) line and approved a 
fourth. In its 11 years, the TGV has carried 
250 million passengers without mishap. GEC 
Alsthom, Paris, won a contract to build a 300- 
km/h TGV line between Seoul and Pusan. 
Germany started building a 280-km/h ICE 
line from Hannover to Berlin. And the long- 
awaited English Channel Tunnel will be 
opened with all due ceremony by Queen Eliz¬ 
abeth n and French President Francois Mit- 
terand on May 6. 


Electrosource’s Horizon 
battery comprises several 
layers of woven, co¬ 
extruded lead wires built 
up in grids compressed in 
a cage and held horizon¬ 
tally, as opposed to the ver¬ 
tical orientation of most 
batteries. The design elimi¬ 
nates the shedding of active 
materials and acid strat¬ 
ification between plates. It 
also improves heat distrib¬ 
ution and oxygen recom¬ 
bination. Because the 
plate design does not 
depend on fluid circula¬ 
tion, as do conventional 
batteries, the battery mod¬ 
ules can be built to take 
the shape of various spaces 
within a vehicle. 
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In Asia, China plans a 1300-km, 250-kni/h 
link between Beijing and Shanghai. Morri- 
son-Knudsen Corp., Boise, Idaho, won a con¬ 
tract for Taiwan’s high-speed rail project. 

Maglev Transit Inc., Orlando, Fla., the first 
U.S. attempt to demonstrate maglev, split 
with TransRapid, Emsland, Germany, its 
prime contractor. Maglev Transit is build¬ 
ing a 22-km demonstration link between the 
Orlando Airport and downtown. Spokesman 
Mike Saegers said the Florida company plans 
to contract with HSST Development Corp., 
Tokyo, for a slower train that still reach 
the state’s 240-km/h requirement. Trans- 
Rapid’s maglev, meanwhile, is a candidate for 


a rail link proposed between Los Angeles 
International Airport and the Pahndale, 
Calif., airport to handle regional and com¬ 
muter routes. Elsewhere, Hyundai Precision 
& Industry Co., Seoul, South Korea, was to 
put its HML-03 maglev in service at 50 km/h 
on a 560-meter track at the Taejon Interna¬ 
tional Exposition. 

SUBWAYS AND LIGHT RAIL. Out West, the 7-km 
Metro Red Line segment of the Los Angeles 
subway system started operations; it is to 
be linked to Green and Blue Lines for a total 
of 36 km by the year 200L The LA. Metro¬ 
politan Transportation Authority awarded a 
contract for 87 light rail cars to German- 


based Siemens Duewag, Sacramento, and to 
a team of U.S. aerospace firms that will do 
much of the work. Last year’s award to Sum¬ 
itomo, Tokyo, was overturned following a 
“buy American” protest. 

Elsewhere, St. Louis, Mo., opened the first 
29 km of its Metrolink light rail system. The 
New York City Transit Authority started its 
New Technology Test Train Program, which 
will test various systems using two prototype 
engines. The best combination will be spec¬ 
ified in a planned 1997 procurement that 
would replace the current fleet of 5487 cars 
from the 1960s. The high-grade copper that 
powers and controls New York City’s subway 


FI/IX; Ttanspoilation In the Information Age reguires Intelligence anti intelligibility 


In modern industrial nations, social, eco¬ 
nomic, and environmental concerns are 
increasingly affecting plans and programs 
to improve local and long-haul transporta- 
tion. The new 27-km Cen¬ 
tury Freeway in Los Ange¬ 
les may be the last—even 
in southern California, whose form and 
growth have so long been shaped by the auto¬ 
mobile. Air transportation is limited as well: 
only one new major city airport, in Denver, is 
scheduled to open in the United States in the 
near term. 

Altliough subways and other forms of local 
and urban light rail transportation have 
recently enjoyed greater interest and popu¬ 
larity—and may be essential to alleviate 
near-gridlock in some local situations—they 
could have little impact on highway traffic 
nationwide. 

Similarly, the patterns of long-distance 
travel in the United States make the 
prospect of substituting high-speed rail sys¬ 
tems for air transportation slim except in 
densely populated areas along the East and 
West Coasts, where ±ey can and should be 
operated. Major efforts should thus be made 
to utilize the maximum capacity of existing 
roadways and airways while reducing growth 
in demand. 

As more and more business is transacted 
on computer networks and wide-band com¬ 
munications services grow cheaper and 
more available, prophets of the Information 
Age argue, workers will operate as effec¬ 
tively from terminals at home as they now do 
in central offices. Such visionaries also claim 
that central offices in distant cities will con¬ 
duct business wherever they please by sub¬ 
stituting communications for transportation. 

Yet at least for intercity transportation, the 
increased geographical dispersion of busi¬ 
ness activities may raise, not lower, the 
demand for transportation. Technocrats and 
hackers who find nirvana on computer 
screens too often overlook the uses and value 
of person-to-person contact. 

Moreover, exchanges of video imagery are 
not likely to reduce nonbusiness travel for 
vacations and visits. Information technology 
developments and the widespread availabil- 


wwoim 


ity and use of communications should none- How many people, after all, venture to pro- 
theless profoundly influence the develop- gram their videocassette recorders or know 
ment of more efficient transportation how to use all the functions of a modem tele¬ 

phone? User intelligibility seems to be low on 


A great deal of public fanfare and sub- the industry’s list of design criteria. Failure 
stantial private and government effort have to correct this deficiency will doom any IVHS 
been directed toward applying information to failure. 

technology to highways, generally in so- The Global Positioning System (GPS)— 
called intelligent vehicle-highway systems with relatively compact, low-cost vehicle 
GVHSs). receivers providing accurate positional infor- 

Yet U.S. highways are notoriously unin- mation—can be integrated with highway or 

telligent. Directional signs are often ambigu- airway information technology to improve the 

ous and confusing, and they rarely guide dri- efficiency and capacity of our transportation 
vers by the most direct or efficient route, systems. 

Successive signs fail to give consistent infor- Although many commercial, industrial, mil- 

mation in a logical sequence. Systems pro- itary, and sporting activities use the GPS, the 

United States still has no com¬ 
prehensive plan to employ the 
system in highway or airway 
information and control sys¬ 
tems. Indeed, the Federal Avia¬ 
tion Administration seemed to 
be the last body in the world air 
transport community to con¬ 
template using GPS in air traf¬ 
fic control even in over-ocean 
traffic. 

For both highways and air¬ 
ways, systems-oriented engi¬ 
neering teams must study the 
cognitive aspects of human 
interaction with transportation 
systems: evaluate systems ar¬ 
chitectures, standards, and 
man-machine interfaces; and 
consider cognitive human fac¬ 
tors along with established sys- 



viding “real-time” information 
on less congested alternative 
routes, and systems that con¬ 
trol traffic by feedback rather 
than through programming or 
manual adjustment, are limited 
in number and capability. 

Highway systems are 
planned, designed, and built 
mainly by modem counter¬ 
parts of the architects of the 
Appian Way. They pay little 
attention to the role of infor¬ 
mation technology in the effi- ‘For intercity 
cient operation of highways, tronsportotioo, the 
Some 20 years ago, as a mem- increased geographicai 
ber of a U.S. Department of dispetsion Of business 
Transportation advisory com- activities may raise, not 
mittee, I proposed that a small iower, the demand for 
fraction of Federal highway transportation’ 
funds be set aside for highway 

“software.” This idea went over like a lead tems-engineering criteria and methods, 
balloon. Since then, little progress has been We must decide which functions will be 
made in systematically analyzing highway performed by vehicle systems and which will 
information transfer and its effects on the be provided as a part of the overall trans¬ 
capacity of highways and the efficiency of portation infrastructure. Otherwise, we will 
their utilization. The need to understand and find ourselves, some years hence, with col- 
address these questions is central to effec- lections of unintelligible and not very useful 
five and safe operation of highways, no mat- hardware, 
ter what degree of intelligence may be incor¬ 
porated within an IVHS. Alexander H. Flax is a senior fellow of the National 

Information technology specialists have Academy of Engineering. His leadership roies in 
been similarly deficient in appreciating the aeronautics and defense span a half century and 
function of human cognition and its relation include Chief scientist for the U.S. Air Force and 
to the operation of machines and systems, president of the Institute for Defense Analyses. 
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to measure water depth. It is limited to relatively clear, sediment-free waters, but can chart 
large areas faster than conventional methods. The bulk of the C&GS survey will be accomplished 
by ships with sonar mounted on the hull and on towed, unmanned submersibles. The ships 
also measure salinity, temperature, and other factors. In both cases, Navstar satellites are used 


system has become a pet target for thieves, 
causing delays and one death. The People’s 
Republic of China will build or extend sub¬ 
ways in eight large cities to relieve street 
congestion. 

FLY THE CROWDED SKIES. Looking to the year 
2010, the International Civil Aviation Orga¬ 
nization QCAO) proposed in July that aircraft 
be equipped to use global navigational satel¬ 
lite systems (GNSSs) to facilitate the pro¬ 
jected doubling of air traffic early in the 21st 
century. ICAO planned a task force to eval¬ 
uate whether its needs can be met by the 
U.S. Global Positioning System (GPS), Rus¬ 
sia’s Glonass, or a civilian GNSS. An interim 
report is due by midyear. 

In September 1993, an airliner equipped 
with GPS receivers demonstrated a fully 
automated approach along the Potomac 
River to land at Washington (D.C.) National 
Airport. The U.S. Federal Aviation Admin¬ 
istration (FAA) has planned a transition over 
a period of 10 years from using GPS as a sup¬ 
plement to using it as sole navigational 
source. 

A potentially widespread application would 
have aircraft broadcast their identity and 
GPS-derived position and velocity to help 
other aircraft and air traffic control facili¬ 
ties in avoiding or preventing collisions and 
setting routes. MIT Lincoln Laboratory, 
Boston, and Hughes Aircraft, El Segundo, 
Calif., advocate using Mode-S radar trans¬ 
ponders to broadcast data every second. 
FAA and the Lincoln Laboratory plan to test 
the scheme in a traffic alert and collision 
avoidance system at Boston’s Logan Inter¬ 
national Airport early this year. 

The FAA and IBM Corp. shared the blame 
for delays in the Advanc^ Automation Sys¬ 
tem (AAS) being developed to update the 
aging U.S. air traffic control system. Prob¬ 
lems with software, human factors, and 
design changes have put AAS three years 
behind schedule and $1.5 billion over bud¬ 
get. IBM, awarded a $3.1 billion development 
contract in 1988, has had difficulty linking the 
control centers. The first unit is to be deliv¬ 
ered to the FAA Technical Center in April 
1994. A planned consolidation of 230 en route 
and terminal facilities into 23 area control 
facilities was revised to produce 10 area con¬ 
trol facilities and 170 upgraded terminals. 

The U.S. National Commission to Ensure 
a Healthy, Competitive Airline Industry 
examined the financial crisis that has drained 
the airline industry of $10 billion since 1990. 
Its 60 recommendations include privatizing 
and modernizing the FAA. American Air¬ 
lines and other carriers banned passengers 
from using electronic devices during take¬ 
off and landing; hand-held games are banned 
entirely. Nonetheless, no rigorous tests have 
verified pilots’ claims that the devices have 
caused fluctuations in the functioning of nav¬ 
igational gear. 

At the Raleigh-Durham, N.C., airport, the 
FAA has tested a precision runway monitor 
(PRM), an electronically scanned radar that 
allows aircraft to use parallel runways at 


to determine position. 

closer intervals in time. The first operational 
unit is to start up at the Minneapolis-St. Paul 
airport by May 1995. 

Wind shear was not neglected. The FAA 
and National Aeronautics and Space Admin¬ 
istration (NASA) finished evaluating doppler 
microwave radar, laser radar, and infrared 
sensors that could warn pilots up to 40 sec¬ 
onds before they encounter wind shear or 
downbursts. Most airlines had until the end 
of last year to finish outfitting their aircraft 
with equipment that will help pilots react to 
wind shear but provides no warning. NASA 
planned a $63 million program to make 
instrument flight rules (IFR) easier for gen¬ 
eral aviation. Objectives include halving the 
costs of IFR systems and the training time to 
use them, and new protocols for developing 
avionics. 

WATERWAYS NEED REMAPPING. The U.S. 

Coast and Geodetic Survey (C&GS) plans a 
high-resolution remapping of priority por¬ 
tions of the nation’s 152 380-km coastline. 
Captain Donald L. Suloff said C&GS cannot 
keep up with the 500 hazards mariners 
report each year. 

One-quarter of U.S. harbors and har¬ 
bor approaches, and half of U.S. waters less 
than 30 meters deep, have not been mapped 
since World War II. “Some 40 000 square 
miles [100 000 km^] of water are critical 
in terms of maritime traffic,” Suloff said. 
Also, many of the areas are dynamic because 


of earthquakes, silting, and hurricanes. 

“Current technology would let us com¬ 
pletely survey the sea floor,” Suloff noted. 
Side-scanning sonar can provide accurate 
topography for larger areas than can be 
charted by a ship passing overhead with a 
depth sounder. 

GPS enables accurate location of sound¬ 
ings. Geographic information systems allow 
collected data to support many require¬ 
ments, like mapping, coastal planning, and 
research. Data for improved charts would 
enable mariners to start using the Electronic 
Chart Display Information System (Ecdis), 
which fuses electronic charts with real-time 
radar, GPS, and the Physical Oceanography 
Real Time System (Ports). Captains would be 
able to steer head up rather than hunched over 
charts. The International Maritime Organ¬ 
ization is to set Ecdis standards in 1995. 

C&GS has only five ships and two shore- 
based field parties with which to collect data. 
In 1994 it will investigate whether it can per¬ 
form part of the surveys with the U.S. Aimy 
Corps of Engineers’ Scanning Hydrographic 
Operational Airborne Lidar Survey (Shoals), 
a laser system that prohes relatively clear 
water to a depth of 30-50 meters [see fig¬ 
ure above]. Canada and Australia have been 
developing similar systems over the past 20 
years. C&GS plans to request proposals for 
commercial mapping services and equip¬ 
ment in the coming year. ♦ 
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Aerospace and military 



he industry is still reeling 
from defense and aero¬ 
space cutbacks as well as 
from several space fail¬ 
ures. Bright spots were 
the success of the DC-X 
demonstration vehicle and 
the joining of the U.S. and 
Russian space station programs. 

Encouragingly enough, U.S. defense con¬ 
tractors have submitted 2800 proposals total¬ 
ing US $8.5 billion in pursuit of $324 million 
worth of projects under the Department of 
Defense’s Technology Reinvestment Pro¬ 
gram. Announced by President Bill Clinton 
in March, it will provide Federal funding, 
matched by private capital, to convert defense 
development and production capabilities to 
civilian missions, as well as preserve crucial 
capabilities. 

First winners were announced in Octo¬ 
ber 1993. The program also involves the 
National Aeronautics and Space Adminis¬ 
tration (NASA), the National Science Foun¬ 
dation, and the departments of Energy, Com¬ 
merce, and Transportation. 

A review of defense spending, priorities, 
and threats established that the United 
States should maintain its capability to fight 
two major regional conflicts while reducing 
spending. The Air Force will fall back from 
28 to 20 fighter wings and from 787 to 500 
strategic missiles, while the Navy will trim 14 
to 12 aircraft-carrier battle groups and 22 
to 18 ballistic missile submarines. TTieir next- 
generation fighters and dozens of military 
bases were slated for closure or consolida- 


that a key SDIO test had been rigged to fool 
the U.S. Congress and the Soviet military. 
In 1984 the fourth Homing Overlay Experi¬ 
ment (HOE) scored the first head-to-head 
destruction of a missile. 

Citing an unnamed source, the newspaper 
alleged that the target had carried a hom¬ 
ing beacon and had been heated to make it 
appear brighter to HOE’s infrared seeker. 
An investigation concluded that a deception 
had been planned but not implemented. The 
target was heated to match Soviet warheads, 
and its beacon could be received only by 
ground stations. 

THAAD ADVANCES. The U.S. Army Missile 
Command (Micom), Huntsville, Ala., kept to 
an ambitious schedule in developing and test¬ 
ing the Theater High Altitude Area Defense 
(Thaad) missile interceptor with 20 test 
flights during 1994-96. The initial design was 
approved, and full-scale wind-tunnel tests 
simulated its kill vehicle separation. In addi¬ 
tion, said deputy project manager Paul 
Lynch, “we have done a tremendous amoimt 
of development of a hardware-in-the-loop 
simulation facility to bring everything 
together in preparation to check out the soft¬ 
ware.” First flight is expected by September, 
and the first intercept in January 1995. The 
program has attract^ the attention of Japan, 
which is increasingly worried about North 
Korea’s capabilities. 

Shrinking defense budgets will force the 
Defense Acquisition Board to choose in Feb¬ 
ruary between two shorter-range missile 
interceptors. Patriot’s PAC-3 upgrade and 
the Extended Range Interceptor. Germany 


project is more than $1 billion over budget. 

In January,/awe’s Defence Weekly claimed 
that the National Aerospace Plane (NASP) 
was really a front for “Aurora,” a secret spy 
plane that flies at Mach 8 and an altitude of 
40 to 50 km and uses liquid methane as fuel. 
ARMS CONTROL. South Africa admitted it once 
had she 20-kiloton nuclear weapons, but dis¬ 
mantled them in 1990 and submitted to 
inspection by the International Atomic 
Energy Agency (IAEA), Vienna, Austria. 
“This is the first case of a country completely 
rolling back its nuclear arsenal,” said ana¬ 
lyst Jon Wolfsthal of the Arms Control Asso¬ 
ciation, Washington, D.C. 

North Korea refused to let IAEA inspect 
two nuclear facilities suspected of concealing 
plutonium. In response, Japanese Foreign 
Minister Kabun Muto said in July that his 
nation must be ready to develop its own 
nuclear weapons. Under U.S. pressure, Rus¬ 
sia withdrew an offer to sell cryogenic rocket 
technology to India. U.S. officials feared it 
would be applied in India’s atomic weapons 
program. 

PLANE PRODUCTION. The aircraft industry 
remained fragile as layoffs and cuts contin¬ 
ued. “By the end of [1993] we will have lost 30 
percent of the workforce that we had in 
1989,” said Don Fuqua, director of the Aero¬ 
space Industries Association, Washington, 
D.C. Most layoffs are in middle management 
and reflect decentralization. 

Boeing Co., Seattle, citing the slump in air¬ 
craft orders, will release 28 000 persons by 
the end of 1994, bringing its workforce down 
to 110 000. Boeing also reduced its expecta¬ 
tion of aircraft purchases for the next 
17 years: it forecast that the industry 


tion. Meanwhile, Britain announced uinui ipUTQ 
hefty cuts, including an end to an air HUlHLIIlIf lO 
defense missile system put at UK | RUSSiail SPaCB StatiOU PrOgtamS UPHB would deliver 12 000 airframes worth 
£500 million. _ t—i. n—$815 billion (down from $850 billion in 

The U.S. Navy revealed the exis- ^ TBClt nC/flVCSifnCni PfOSfSnt WBlCOItlBU 1992) by 2010, and that the demand for 

tence of the USS Sea Shadow, a 49- | TelBrObOtS tacMC rePIOte terrain, volcano jumbo jets would decline in favor of 


meter catamaran test ship that uses 
stealth technology. 

STAR WARS NO MORE. The United States’ Star 
Wars program officially ended after 10 years 
and $30 billion worth of research. The 
Strategic Defense Initiative Organization 
(SDIO) became the Ballistic Missile Defense 
Organization (BMDO) on May 13 and was 
refocused on ground-based missile intercep¬ 
tors. In addition, the Clinton administration 
decided on a narrow interpretation of the 
1972 Antiballistic Missile Treaty as allowing 
only 100 fbced, ground-based interceptors. 

In August, The New York Times claimed 
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mSR repairs Hubble in space 

is helping to develop Patriot PAC-3’s 20-GHz 
multimode seeker and the sophisticated war¬ 
head fuzing. 

TAILSPIN. In an unprecedented move on April 
30, U.S. Defense Secretary Les Aspin 
reacted to the mismanagement of the C-17 
cargo jet project by disciplining three top 
officials and firing a fourth. Major General 
Michael J. Butchko, commander of the Air 
Force Development Test Center, Eglin Air 
Force Base, Fla. 

In initial test flights, the C-17 did not meet 
several key requirements, and its flaps 
melted in the engine exhaust. The $8 billion 
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smaller fuel-efficient models. 

“We are hoping to see a turn¬ 
around,” Fuqua continued. “We thought that 
it would be in orders for the 1996 timeframe,” 
which would affect employment today. 

Fuqua said partnerships are being formed 
to pursue large projects that would once 
have been the domain of single companies. 
McDonnell Douglas Corp., St. Louis, is look¬ 
ing for an international partner for a new 
600- to 700-passenger jumbo jet. Boeing an¬ 
nounced last January that it would team with 
four European firms to design and build an 
800-passenger jumbo jet. Fuqua also expects 
a consortium would form to develop the pro¬ 
posed High-Speed Civil Transport. 
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After one year of listening for signs of civ¬ 
ilization, NASA’s search for extraterrestrial 
intelligence (SETI) had the plug pulled. The 
High Resolution Microwave Survey (HRMS) 
used high-density multichannel spectral ana¬ 
lyzers to sift through manmade signals and 
interstellar noise for signs of technologically 
advanced civilizations. 

The nine-year project involved a targeted 
search of nearby sunlike stars in the 1-3- 
GHz band (200 hours completed) and an all¬ 
sky survey in the 1-10-GHz band (60 regions 
scanned at 8 GHz). A late amendment by 
Congress to the 1994 appropriations for 
NASA forced the shutdown of SETI on Oct. 
12,1993. 

“It’s done,” said Jill Tarter, project scien¬ 
tist at NASA’s Ames Research Center, 
Mountain View, Calif. “NASA is out of this 
business.” She is looking for private fund¬ 
ing—$3 million a year—^to continue the pro¬ 
gram at the nonprofit SETI Institute, Moun¬ 
tain View, Calif. 

ROBBIE STEPS OUT. Prototypes of robotic plan¬ 
etary explorers took several small steps for¬ 
ward In late August, engineers at McDon¬ 
nell Douglas Astronautics Co., Huntington 
Beach, Calif., teamed with Russian counter¬ 
parts to operate a Marsokhod rover, said 
John Garvey of McDonnell Douglas; it has an 
advanced chassis and suspension system. 
The engineers viewed stereo images trans¬ 
mitted at 2400 baud via Inmarsat as they 
drove Marsokhod up to 30 meters a day 
across the rugged Khamchatka Peninsula for 
five days. 

On Jan. 1,1993, NASA’s Goddard Space 
Flight Center, Greenbelt, Md., tried to send 
the 400-kg, spiderlike Dante robot on a 200- 
meter tour of the inferno at the edge of a 
lake atop Mount Erebus, Antarctica’s only 
active volcano. Dante, teleoperated via satel- 


Four Pratt & Whitney RLlOA-5 
engines power the DC-X advanced 
technology demonstration vehicle. 
Each can be throttled from 19 400 to 
64 800 newtons of thrust. An oper¬ 
ational DC-Y would require eight 
larger engines with nozzles that can 
be extended; only four would be 
needed for landing. 

lite, had moved only 7.3 meters when 
its optical-fiber link to the relay sta¬ 
tion broke. In November, NASA suc¬ 
ceeded in a different test with a tele- 
operated submersible exploring the 
waters beneath the Ross Ice Shelf. 
SPACE STATION REDUX. After spend¬ 
ing $1L2 billion in nine years, NASA 
was directed by President Clinton to 
redesign Space Station Freedom 
again to reduce its projected origi¬ 
nal $30 billion cost by as much as 
$9 bilUon. The order came just as 
NASA was completing its critical 
design review before starting con¬ 
struction. NASA put Johnson Space 
Center, Houston, Texas, in charge, 
made Boeing Space and Defense 
Group, Huntsville, Ala., the prime contractor, 
and moved to close the Reston, Va., program 
office. (Even the name. Freedom, was 
dropped; some wags suggested that the 
scaled-back project be given the shortened 
name of Fred.) Previously, four NASA cen¬ 
ters and four prime contractors ran the pro¬ 
gram. More than 4000 layoffs were 
expected. 

Clinton eventually selected a blend of the 
two options that could be 
launched by the year 2001 
for $10.5 billion. The space 
station would retain ele¬ 
ments of the original design 
but have a crew of only four 
instead of eight, and use 
Russia’s durable Soyuz 
spacecraft as a lifeboat. 

In November, NASA and 
Russia announced plans to 
use Mir 2 as the starting 
point of the international 
space station. The station 12089 
will be placed in a high-incli- 
nation orbit that can be 
reached by Russian and U.S. 
laimchers. As a prelude. 

The prototype single-stage-to- 
orbit DC-X is only 12 meters 
tall and 4.1 meters across the 
base, and weighs 10 300 kg at 
landing after burning al¬ 
most 8500 kg of propellant A 
full-scale DC-Y would stand 
38 meters tall and weigh 580 
300 kg. It would carry a 
9100-kg payload between the 
liquid oxygen and hydrogen 
tanks, and would not have 
the parachute canister. 


NASA now plans up to 10 shuttle missions to 
the Mir 1 station during 1995 through 1997, 
when Mir is to be retired. U.S. astronauts will 
conduct extended experiments aboard Mir 
during that time. 

NASA Administrator Dan Goldin urged 
the House space subcommittee, “We cannot 
turn our back on Russia now. We cannot 
respond by counting beans and being afraid 
to take risks. It’d be easy to turn our backs, 
but we have a window of opportunity now 
that will close for two to three decades.” 

The European Space Agency (ESA) was 
taking a cautious approach: “Everything is 
still in the mixer,” said Ian Pryke, the 
agency’s Washington, D.C., representative. 
“We haven’t agreed to involve the Russians. 
We have agreed to look at it.” ESA has also 
canceled its Hermes spaceplane project and 
moved to make its own Columbus program 
less dependent on the U.S. program. 

NASA also faced the possibility of clo¬ 
sures. By spring, it should finish studying 
major changes in missions and responsibili¬ 
ties that would strengthen Johnson Space 
Center, severely reduce the size of Marshall 
Space Flight Center, Huntsville, Ala., and close 
Wallops Flight Facility, Wallops Island, Va. 
HOUSE CALL IN SPACE. The year’s main event 
in manned space activities was the STS-61 
space shuttle mission to repair the Hubble 
Space Telescope last December. Hubble’s 
2.8-meter primary mirror has spherical 
aberration that keeps it from focusing sharp 
images. Routine maintenance is part of Hub¬ 
ble’s design, but this first service call turned 
into a marathon involving five six-hour 
spacewalks by two pairs of astronauts. Their 
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main job was to install a new Wide Field/ 
Planetary Camera with its mirrors reshaped 
to cancel the primary mirror’s aberration 
and with small relay mirrors using piezo¬ 
electric ceramic mounts to ensure align¬ 
ment. 

In addition, the crew replaced a science 
instrument the size of a phone booth with the 
Corrective Optics-Space Telescope Axial 
Replacement (Costar). Its five pairs of mir¬ 
rors will reshape light entering the other 
three science instruments. Also repaired 
were solar arrays that “twang” from thermal 
stress, hiccupping gyroscopes, and failing 
computer memory. Astronauts used virtual 
reality computers to rehearse many of the 


procedmes while still on the ground. 

Other 1993 shuttle missions launched the 
Advanced Communications Technology 
Satellite for the first broad tests of 20- 
GHz-band communications and the sixth 
Tracking and Data Relay Satellite; they car¬ 
ried only three Spacelab missions. The com¬ 
mercial Spacehab was introduced on the 
Shuttle’s June flight, which also retrieved the 
European Space Agency’s Eureca satellite 
launched in 1992. 

The United States was embarrassed by 
the loss of five satellites, including a Navy 
communications satellite, an ocean surveil¬ 
lance satellite, and Landsat 6 during launch. 
Mars Observer and the NOAA-11 weather 


satellite both went silent on Aug. 21, appar¬ 
ently due to faulty master event timer tran¬ 
sistors that came from the same lot. The 
space shuttle’s main engines received only 
a “passing” grade from a National Research 
Council review, and Congress canceled the 
planned Advanced Solid Rocket Motor, 
which would have increased shuttle payloads; 
but motor design problems stretched the 
schedule so that it would have become avail¬ 
able only after completion of most of the 
work on the space station, which needed it 
most, had been done. 

Thinking small is becoming attractive as 
budgets decline and individual failures 
become too costly. In January, the BMDO will 


GREENWOOD: Ttansfomation from defense to commercial cannot be total 


The world’s aerospace and defense commu¬ 
nities already have faced difficult times, but 
the real challenge lies ahead. With continued 
budget reductions projected for the future, 
■PIHIPPIIIPBI a good many industrial na- 
tions must convert sectors 
******* of their aerospace and mil¬ 
itary industries to civilian markets, must 
downsize excess capacity, and must make 
operations more efficient and responsive to 
changing needs. 

Converting technologies across bound¬ 
aries—especially from defense to commer¬ 
cial applications—has been difficult in the 
past. As with any market, especially com¬ 
mercial, customer demands and mqiectations 
are different, delivery is critical, and reli¬ 
ability and cost become differentiators. 
Understanding and crossing these barriers 
has not been easy for companies and labo¬ 
ratories raised in the protective environment 
of government-supported R&D. 

The transformation from defense to com¬ 
mercial cannot be total; every nation must 
maintain an adequate defense base to meet 
evolving challenges. Even as many recent 
events have reduced tensions, new teeats to 
world stability are emerging. Naturally, suit¬ 
able strategies and policies are only just 
beginning to evolve. 

But, while the new U.S. administration’s 
priorities are being debated, the Federal bud¬ 
get is requiring major reductions in forces as 
well as changes in—or cancellation of— 
development and acquisition programs. As 
a result, U.S. industry cannot predict the out¬ 
come of the current turmoil and whether it 
will help maintain national security in a 
vibrant and balanced way. 

One change that is clearly evident is an 
increased emphasis by the National Aero¬ 
nautics and Space Administration (NASA) 
and the Department of Defense on perfor¬ 
mance: the production of a quality product on 
time and within budget. 

This raises the concern that program 
developers may become too conservative in 
implementing new technologies. But the 
risks that innovation involves are essential to 
advancing the state of the art and meeting 


new requirements. To ensure that new tech¬ 
nology programs meet cost and schedule 
constraints, risk management must be 
applied systematically to define potential 
problems and to devise timely plans for deal¬ 
ing with them. 

Problems abound. NASA has experienced 
a year of turmoil while redefining the space 
station, making major management changes, 
and completing yet another roles and mis¬ 
sions study. It is to be hoped that the debates 
end quickly so the agency is able to move 
ahead with the space station, complete sev¬ 
eral key missions, and focus on program 
implementation. 

The loss of several spacecraft last year 
remains a grave disappoint¬ 
ment. As in the past, we will 
learn to understand and elimi¬ 
nate the cause of such mishaps. 

But space remains a risky busi¬ 
ness, and continued improve¬ 
ments in processes and proce¬ 
dures are required. 

One suggestion is to use sur¬ 
plus military missiles to launch 
"smaUsats and “microsats.” Un¬ 
fettered use of surplus missiles 
could, however, damage the US. 
launch industry significantly at a 



time when it should ensure that conservative in 
commercial and government impiententing netn 
users have low-cost access to teciinoiogies, but the risks gress’ reluctance to fund the 
space and that the launch indus- that innovation invoiVOS space station—even the can- 


neering extends science from the laboratory 
to the realm of the practical, space applica¬ 
tions can focus on using its mass of space 
data to help deal with flooding, food yields, 
environmental monitoring, and forestry 
management. 

Understanding our planet’s environment 
is critical; managing and utilizing our terres¬ 
trial resources is equally important. Space 
agencies around the world should expand 
their activities in space applications and 
demonstrate near-term payoffs that every 
citizen can appreciate. The payoff in the next 
decade will surely come from new observ¬ 
ing platforms, but probably more important 
will be the advances in information technol¬ 
ogy. We have only barely begun 
to analyze and understand our 
data. 

In recent decades defense 
and space programs have 
sparked a national commit¬ 
ment to education, especially in 
improved instruction in math¬ 
ematics, science, and engi¬ 
neering. As we cope with the 
worldwide loss of opportunities 
for engineers and scientists, 
retaining public interest in 
space and defense is important. 

Massive defense and space 
budget reductions and Con- 


try remains internationally com- aree 
petitive. SmaUsats have great 
scientific potential, but cannot 
substitute for simultaneous measurements col¬ 
lected by platforms such as the Upper Atmos¬ 
pheric Research Satellite or the Earth Observ¬ 
ing System (EOS). They should be applied to 
specific, weU-defined scientific objectives con¬ 
sistent with the reduced capabilities of smaUer 
platforms and payloads. 

EOS, a signal advance in the study of our 
planet, will involve hundreds of scientists 
around the world. Here an opportunity exists 
to recapture public interest in space by ag¬ 
gressively applying data from EOS and other 
missions to terrestrial problems. As engi¬ 


cellation of the search for 
extraterrestrial inteUigence— 
may lead students to think that 
no one wants to invest in the future. Aero¬ 
space and defense stiU offer unique oppor¬ 
tunities for young people to work on chal¬ 
lenging and interesting problems such as the 
analysis of our vast data sets. We must keep 
attracting the bright minds of our youth 
because they are the world’s future. 

Lawrence R. Greenwood Is president and chief oper¬ 
ating officer of Nichols Research Corp., Huntsville, 
Ala., and a former vice president and general man¬ 
ager of what once was GE Astro-Space Division, 
now a unit of Martin Marietta Corp. 
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launch Clementine, a small probe loaded with 
miniature missile sensors; they will be tested 
while orbiting the moon and then flying past 
an asteroid. NASA is contracting with the 
Universities Space Research Association, 
Washington, D.C., to develop and launch 
three small science satellites for less than 
$24 million, thanks to the use of surplus bal¬ 
listic missiles, a controversial approach. 

In March the 100-kg Alexis-1 satellite was 
lofted by a Pegasus rocket carried by a cargo 
jet. Alexis-1, built by the Los Alamos (N.M.) 
National Laboratories, conducted X-ray 
astronomy and nuclear monitoring tests. 

The International Small Satellite Organi¬ 
zation, Washington, D.C., claims small satel¬ 
lites can provide innovative communications 
services at costs competitive with larger sys¬ 
tems. Constellations of small, low-orbit satel¬ 
lites—^versus geostationary orbit at 36 000 
km—can support communications in pack¬ 
ets or for mobile phones and remote users 
[see “Telecommunications,” pp. 22-25]. Re¬ 
mote sensing is perceived as another growth 
area for smallsats, to fill gaps of the kind 
caused by the loss of Landsat 6. 

THE RUSSIANS ARE COMING. Several Western 
companies acquired the rights to market 
Russian rocket engines, but politics and 
money may determine whether they are 
used. Although the inner workings of the 
Russian space program are still not fully 
known, “the launch records speak for them¬ 
selves,” observed David R. Stone, program 
manager for vehicle systems in NASA’s 


Office of Advanced Concepts and Technol¬ 
ogy. Several companies have deals to market 
engines, while Lockheed Missiles & Space 
Co., Suimyvale, Calif., and Krunichev Enter¬ 
prise, Moscow, formed Lockheed-Krunichev 
International to market the Proton launch 
vehicle. Even if opposition to buying foreign 
systems is overcome, integrating Russian 
engines into a U.S. launcher could cost tens 
of millions of dollars. For fiscal 1994, Con¬ 
gress passed only a tenth of the $400 mil¬ 
lion the industry claims is needed to upgrade 
existing U.S. vehicles. 

According to Grigory Khozin of the Uni¬ 
versity of Alabama in Huntsville, a former 
science and technology policy specialist at 
Moscow State University, many deals be¬ 
tween U.S. and Russian companies have been 
made possible by the confusion surrounding 
the Russian government’s reorganization. 
Khozin said that the Russian government on 
June 29,1993, passed “the first space law in 
Russian history, which somehow tries to 
characterize the activities of participants and 
their activities.” Much of what is happening 
is a reshuffling of old military and industry 
ministries. A key shortfall is a lack of pro¬ 
fessional staffs to advise Russian President 
Boris Yeltsin and parliamentary committees. 
NEXT STOP, ORBIT? Modest suborbital hops by 
the DC-X seemed to point the way to the 
future, though. DC-X is the advanced tech¬ 
nology demonstration vehicle built by 
McDonnell Douglas for the BMDO’s Single- 
Stage Rocket Technology Project. 


BMDO started the project in 1991 to 
develop a robust, flexible launch system free 
of the problems that plague conventional 
launchers. “The key point, in addition to 
demonstrating vertical takeoff and vertical 
landing and controllability, has been design¬ 
ing it to operate like an airplane in terms of 
operability and supportability,” said McDon¬ 
nell Douglas program manager Paul Klevatt. 
“We have shown that we can indeed reduce 
the manpower” needed to launch an orbital 
vehicle. DC-X is operated by three people 
in a control van near the launch pad. 

“We also proved that rapid prototyping 
does work in terms of starting with a fresh 
sheet of paper,” he said. Less than two years 
passed from contract to launch. Among the 
DC-X’s advances was 30 000 lines of Ada 
coding rapidly developed by Integrated Sys¬ 
tems Inc., Santa Clara, Calif. 

DC-X’s modest first flight on Sept. 11 
lasted just 72 seconds. It rose 91 meters, 
moved 107 meters sideways, and landed on 
four deployable legs. Subsequent flights 
increased altitude and dynamic pressure; 
each landing was within a meter of the aim 
point. The last flights—to 8.5-km altitude 
and using data from Global Positioning Sys¬ 
tem satellites—were canceled at the last 
moment by cuts in the 1994 defense budget. 
BMDO had proposed a DC-X2 suborbital 
demonstrator that would climb to 160 km. 
NASA has formed an X-2000 team to inves¬ 
tigate similar designs and technologies for a 
new class of launch vehicles. ♦ 
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Medical electronics 



he quality and cost of 
health care is very much 
on the public’s mind. In 
the United States, health 
care accounts for more 
than one-tenth of the 
gross domestic product 
and is still rising, prompt¬ 
ing calls for reform and for a hard second 
look at medical technology. Worldwide, the 
use of medical devices is growing at nearly 
10 percent per year, well above the rate of 
increase in most industrial sectors. 

According to an IEEE poll of 1012 U.S. 
adults last September, health care is per¬ 
ceived as where technology will affect them 
most in the next 10 years. (Forty-two percent 
gave that reply, more than twice as many as 
nominated education, the runner-up with 17 
percent, or communications or leisure.) 

Engineers and physicians at the annual 
international conference of the IEEE Engi¬ 
neering in Medicine and Biology Society 
(EMBS), held in October in San Diego, Calif., 
explored not only the latest advances but also 
broad societal issues. They seemed to feel 
it urgent to collaborate on bringing health 
costs down while improving quality. 

In addition, although quantitative mea¬ 
sures of medical remedies and their out¬ 
comes have long been discussed, providers 
are finally beginning to take more methodi¬ 
cal approaches to the problem. A Novem¬ 
ber survey of 3300 hospitals by the Ameri¬ 
can Hospital Association, Chicago, found that 
69 percent have quality improvement initia¬ 
tives, three-quarters of which were begun 


go awry, as evidenced recently by one med¬ 
ical manufacturer against whom a large fine 
was levied. 

EUROPEAN STANDARDS. A few thousand gen¬ 
eral types of medical devices exist. When dif¬ 
ferent versions and sizes of these devices are 
assessed, perhaps 40 000 variants exist on 
the market, said Maurice Freeman, a tech¬ 
nical expert for medical devices at the Com¬ 
mission of the European Union (formerly 
Community), in Brussels, Belgium. 

As the European Union accounts for about 
one-third of world consumption of medical 
devices, changes in laws there affect medical 
manufacturers worldwide, which is why dis¬ 
cussion of the Union’s new directives is such 
a popular topic at U.S. conferences. 

The first directive, dealing with implant¬ 
able medical devices that use electricity, 
came into force last January. The second, 
dealing with virtually everything else (and 
called the Medical Devices Directive) under¬ 
went the first reading last year and is 
expected to come into force next year. The 
third directive, on in vitro diagnostic med¬ 
ical devices, is at its first draft proposal stage. 

The goal is to enable companies in the 
European Union to have a barrier-free home 
market, akin to that of U.S. companies, to 
reduce unit costs. To sell in Europe with an 
appropriate “CE mark” will mean conform¬ 
ing to certain procedures and standards such 
as the ISO 9000 series, and sometimes being 
approved by a certification authority. Some 
U.S. companies worry that national certifi¬ 
cation authorities of member states could 
impede access to markets. But needing only 
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Technology Development Center and 
assistant director for surgery at the Cedar- 
Sinai Medical Center in Los Angeles, reform 
is hampered by the lack of “outcomes data” 
on the cost and efficacy of treatments for 
patients and also by “medieval accounting 
practices.” 

There are many sides to the issue, of 
course, and technology is only one. But 
recent developments, from standardization 
to automated surgery and simulation, hold 
out some hope of improved care. The work 
is fraught with danger and things sometimes 


nected by wireless to a network, it will allow 
nurses to receive doctors’ orders, chart pa¬ 
tients’ progress, review medical reference 
books, and even show educational videos to 
patients. 

The students did market research to 
assess what users in the home health care 
industry needed. (Several companies already 
offer low-bit-rate wireless data services.) 
With support from Bellcore, the CMU pro¬ 
ject devised high-speed wireless links over 
a wide area, using mathematical modeling 
of the technology of both cellular phones and 
wireless local-area networks. It was demon¬ 
strated in October. (Currently, high-speed 
wireless communication is installed in build¬ 
ing sites only for local networks; other wide- 
area wireless services, if they exist, are rare.) 

Further tests this year and next are 
planned by CMU to explore technical trade¬ 
offs, such as radio frequency bandwidth, cell 
size, processor speed, and two-way transmit 
speeds. Faster communications will make 
software downloading and the timely trans¬ 
fer of imagery more feasible. 

Home care advocates should note a recent 
study by Stanley M. Finkelstein of the Uni¬ 
versity of Minnesota, Minneapolis. In this 
experimental setup, lung transplant patients, 
who benefit from monthly checkups after 
surgery, can test themselves, record the 
results, and transmit them reliably from their 
homes. Not only may costs be cut, but daily 
tests (of blood pressure and “best blows” into 
a spirometer) could help detect trends before 
symptoms indicate a problem. All the mea¬ 
surements were performed daily, stored 
automatically, and transmitt^ weekly 
to a relational database. 

Also thanks to software, it is now 
easier to peer through the skin and 
skull for diagnosis, brain surgery, and 
training. The images are combined 
into three-dimensional models manip¬ 
ulated by more powerful graphics 
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one approval to enter the entire Union mar- I computers. For instance, a doctor can now 
ket is generally seen as favorable to industry, I see the peculiarities of a person’s brain and 


no matter what the country of origin. 

HDME CARE. Besides better standardization, 
another cost-cutting trend is to treat more 
patients at home rather than in hospital. A 
project by Carnegie Mellon University (CMU), 
Pittsburgh, has combined wireless ckta com¬ 
munication and laptop computers to help 
nurses provide better care at patients’ homes. 

A prototype nomadic computer system 
was devised by 19 graduate students working 
mder Professor Alex Hills of CMU’s Infor¬ 
mation Networking Institute. When con¬ 

0018-9235/94/$4.00©1994 IEEE 


plan the best route to a tumor, so as to extract 
it with minimal damage to nearby tissue. 

Last year surgeons at Brigham and Wo¬ 
men’s Hospital in Boston, with help from engi¬ 
neers from General Electric Co.’s imaging and 
visualization laboratory in Schenectady, N.Y., 
began such modeling work to assist opera¬ 
tions in real time. As of early November, 17 
operations had been performed with neuro¬ 
surgeons glancing at a monitor. 

Overlaid on a real-time video image of the 
patient’s head was a magnetic resonance 
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image taken previously. It gave the 
surgeons more information so 
they could “almost see into the 
patient,” said William Wells, a 
researcher in the surgical planning 
laboratory at Brigham and Wo¬ 
men’s Hospital. 

Prior to surgery, a model of a 
volunteer’s brain is constructed by 
combining high-resolution “slices” 
from a GE magnetic resonance 
imaging (MRI) machine, a job that 
takes hours, noted Wells. With a 
few keystrokes, layers or sections 
of the digitized brain can be 
stripped off to show the white mat¬ 
ter, highlighted sensitive areas like arteries, 
or the tumor. Stored MRI or computer 
tomography (CT) imagery is registered on 
the real imagery by sticking Vitamin E cap¬ 
sules on the head as markers. 

Kirby Vosburgh, manager of the GE lab¬ 
oratory, calls the demonstration for surgeons 
“enhanced reality” and doubts that 3-D vir¬ 
tual reality would do any better. He said, how¬ 
ever, that GE is working on real-time MRI 
and CT scans for the operating room. If that 
succeeds, surgeons could have high-quality 
views of the body’s interior as they worked. 


Simulations like this one showing 
prostate surgery may seem more 
realistic to medical students than 
practicing with cadavers. 

Media Systems, Hanover, N.H., 
hope to use VR in training sur¬ 
geons in new techniques, much as 
pilots are trained for new planes 
on simulators. High Techplana- 
tions Inc., a Rockville, Md., firm 
I supported by the big medical com- 
1 pany Merck, expects to complete 
I a surgical simulator for prostate 
* laparoscopy within the next few 
'months and plans to model the 
entire torso. GE is examining VR for endo¬ 
scopic surgery but noted it is premature to 
assess its efficacy to the patient and the 
patient’s bill. Georgia Institute of Technology 
in Atlanta is trying to simulate surgery on the 
human eye, complete with feedback on the 
force being exerted. 

These 3-D simulations allow rather more 
realistic training than do cadavers, noted Jon 
Merrill, a physician and director of interac¬ 
tive media for High Techplanations. If a 
trainee pinches a nerve or slices through a 
blood vessel in a cadaver, nothing happens. 


Demand for such services is being helped 
by minimally invasive surgery, such as 
endoscopy, where the doctor guides an opti¬ 
cal-fiber light probe and tiny camera through 
the patient while looking at a video screen. 
Instruments are then inserted through punc¬ 
ture holes and manipulated from outside the 
body. A 3-D environment to utilize human 
depth perception might aid this work, as 
might some tactile feedback since often can¬ 
cerous tissue is detected by touch. 

Such hopes are spurring medical work in 
virtual reaUty (VR). Companies like Medical 



Full-scale tests of robot-assisted hip surgery on humans were authorized by the U.S. govern¬ 
ment last September. The robot mills a cavity into a bone [as shown in the inset] with greater 
precision than traditional milling with hand tools. 
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Dead tissue is usually harder, color is 
changed, and arteries no longer pulsate. 
Once something is cut in a cadaver (like a gall 
bladder), it cannot be reattached. 

But in digital format, procedures can be 
repeated ad infinitum and stored for later 
group analysis. Some organs can also be 
made transparent, “crisis” drills can be cre¬ 
ated, and various types of gall bladders can 
be modeled. 

AUTOMATED SURGERY. If patients already 
lament the assembly-line techniques of health 
care, how will they react to a robot doing 
surgery? A robotic surgical procedure has 
been developed for implanting artificial hips, 
and last September the U.S. Food and Drag 
Administration (FDA) authorized full-scale 
human clinical tests at several U.S. sites. 

Using surgical cutting tools, Robodoc mills 
a cavity in the thigh bone to hold the pros¬ 
thetic implant. Traditionally, surgeons would 
use reamers and mallets to prepare the cav¬ 
ity, a procedure that can often leave less than 
50 percent of the prosthesis in contact with 
the bone. Tests wi± the robot on cadaver 
bones showed a 90 percent implant-to-bone 
contact. 

Bela Musits, the company’s president and 
a former IBM researcher, told IEEE Spec¬ 


trum that Robodoc might in the long term 
alleviate some of the need for revision hip 
surgery, which each year accounts for a sig¬ 
nificant portion of total hip surgeries. 

To guide the robot, three titanium pins are 
inserted into the patient’s femur. (Eventually, 
Musits hopes to register the robot to the 
patient’s anatomy without the pins.) Next a 
CT scan is taken and read into Robodoc’s 
preoperative planning workstation, called 
Orthodoc. The 3-D images of the implant and 
femur are precisely matched, and the data 
is transferred to the robot’s computer. 

Once in the operating room, the surgeon 
prepares the patient in the traditional man¬ 
ner, exposing and sectioning the top of the 
femur bone before securing it in the clamp¬ 
like bone fixator. The surgeon enables Robo¬ 
doc to orient itself by letting the robot arm 
gently touch the heads of the titanium pins. 
The robot then mills the cavity in the upper 
part of the femur to accept the prosthesis. 

Sensors check the robot’s position and 
detect the forces on the cutting head, so that 
if the machine deviates from the planned 
movements, work will stop. Also, redundant 
processors must agree with each other for 
the robot to proceed, and a surgeon must 
approve each step of the operation. 


The Robodoc Surgical Assistant is a modi¬ 
fied Sankyo Seiki custom five-axis robot, 
mounted on a mobile base and equipped with 
a force sensor, bone motion monitor, and cus¬ 
tom pneumatic surgical tools. An Orthodoc 
Preoperative Planning Workstation uses pro¬ 
prietary 3-D software on an IBM RS/6000 
workstation, a high-resolution monitor for 3- 
D bone and implant images, and an optional 
CT scan tape reader. An operating room mon¬ 
itor displays messages and surgical simulation. 

Robodoc has assisted in 10 operations on 
people, as well as others on dogs in a prior 
limited study to establish system and oper¬ 
ating design parameters and efficacy. Until 
recently, surgical robots were used only to 
aim tools. 

DREAST DIAGNOSIS. A special Presidential 
Commission on Breast Cancer estimated in 
October that two million women in the 
United States alone 'will be diagnosed with 
breast cancer during the 1990s and 460 000 
will die from it. Breast cancer has been one 
of the nation’s fastest-growing major diseases. 
Since 1950, its incidence has increased 53 
percent. 

Better detection in mammography was a 
highlight of the IEEE EMBS conference. 
The breast itself is a “complex architecture” 


EBERHART: Enough is enough 

Our health care costs too much and deliv¬ 
ers too little. Why is that? I certainly don’t 
have all the answers, but I believe I can iden¬ 
tify a major contributing factor. We engi- 
mUPPUpm neers are constantly devel- 
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******" And the price of these de¬ 
vices, which is skyrocketing, contributes 
heavily to health care costs. Is it the sophis¬ 
tication of the devices that drives up the cost? 
I think not. 

The advent of the integrated circuit made 
it possible to fabricate sophisticated elec¬ 
tronics on chips for a few dollars each in 
large quantities. Software for these devices, 
while more and more expensive, still does not 
account for their cost. What makes these 
devices cost so much is that we insist they be 
made foolproof and perfect. We also insist 
that they last “forever,” in the sense that 
their malfunction must not contribute sig¬ 
nificantly to the death of any patient. 

This obsession with perfection is destruc¬ 
tive for at least three reasons. First, perfec¬ 
tion is unattainable, and having it as a pseudo¬ 
requirement is driving the costs of devel¬ 
opment, testing, and clinical trials through the 
roof. (I use the term “pseudo requirement” 
because regulatory organizations often pre¬ 
tend that perfection is a requirement, and 
manufacturers must then pretend to have 
achieved iO Second, it is unnecessarily delay¬ 
ing the availability of technology that could 
enhance the quality of life. Third, it is drain¬ 
ing the resources of our health care regula¬ 
tory agencies worldwide, and preventing them 
from focusing on the very real (but relatively 


few) problems of malfeasance 
on the part of manufacturers. 

The first successful implan¬ 
tation of a heart pacemaker in 
a human occurred in 1960. In 
the mid-1960s, because of bat¬ 
tery limitations, pacemaker 
operating lifetime was gener¬ 
ally less than two years, during 
which time 5-10 percent of the 
pacemakers had circuit failures. 

According to the October 1981 
IEEE Spectrum, pacemaker 
failure rate by 1978 had 
dropped to “less than or equal 
to 0.15 percent per device for 
each month of use,” and 81 per¬ 
cent of the devices implanted 
were expected to survive for 12 
years. By 1981, about 200 000 
pacemakers from one manu¬ 
facturer indicated a circuit failure rate of less 
than 0.005 percent per month. 

At least two things are important to note 
from the pacemaker experience. First, the 
device provided a benefit to humankind from 
the day it was introduced into the market. 
Second, it is unlikely that the original pace¬ 
maker, given its initial performance (and fail¬ 
ure rate), would pass muster today. It took 
at least a decade before it met the standards 
typically imposed on new devices today, hut 
it still provided obvious benefits and its per¬ 
formance steadily improved. 

So what should we do? Above all, we need 
to quit focusing on achieving immediate per¬ 
fection. Instead, we should concentrate on 


the likely benefits, the expected 
risks, and their consequences to 
the patient. Does the proposed 
device extend life or enhance 
the quality of life? Is it cost 
effective at achieving the pur¬ 
pose for which it was designed? 
We must stop supporting the 
utopian quest (supported by 
the legal profession) for a near¬ 
zero-percent failure rate from 
the moment a new device is 
introduced. For example, fail¬ 
ure rates of significantly less 
than 1 percent per year should 
be acceptable in devices ex¬ 
pected to add an average of at 
least 10 years to patients’ lives. 

Right now they are not. 
Such devices are being recalled, 
amidst sound and fury and law¬ 
suits, every day. And legal settlements have 
become the largest single cost associated 
with many of these devices. Every manufac¬ 
turer must anticipate legal settlement costs 
or go broke. We must reverse this trend, or 
the situation will only get worse. Of course, 
the public must be protected from misrep¬ 
resentation and fraud, but we must face real¬ 
ity, which includes the fact that any electro¬ 
mechanical device, no matter how well 
designed and fabricated, may fail. We must 
focus on improving the quality of life. 

Bussell C. Eberhart is director of biomedical engi¬ 
neering at Research Triangle Institute, Research Tri¬ 
angle Park, N.C. 



‘Regulatory oiganizations 
often pretend that 
perfection Is a 
reguirement, and 
manufacturers must 
then pretend to have 
achieved it’ 
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A digitized mammogram [left] undergoes several steps before a com¬ 
puter algorithm circles the areas [right] containing likely microcalci- 

of fat and soft tissue, said Carl Vybomy of the 
University of Chicago, Illinois. By the time a 
cancer is big enough to be felt as a lump, it 
has been growing for an average of 10 years. 

Key to early diagnosis is spotting significant 
microcalcifications, featiures sometimes as 
small as 0.1 millimeter. In fact, Vyborny 
noted, even huge cancers the size of a ten¬ 
nis ball are often ‘hot all that obvious” to many 
radiologists, who in the course of a day may 
become tired or distracted. 

There are also problems with false posi¬ 
tives: only about 20 percent of biopsies 
ordered show cancer. False negatives are 
even more of a concern. A1992 study at the 
University of North Carolina, Chapel Hill, by 
R.E. Bird, one of the preeminent U.S. radi¬ 
ologists using the best techniques, showed 
that 77 of 320 cancer cases were evident in 
retrospect from their X-rays. 

Better imaging and automated analysis 
might improve diagnosis. The quahty of a 
mammogram is determined in part by the 
voltage that generates X-rays. A clinician 
bases the voltage on an X-ray unit on the 
thickness and tissue density of the breast. 

Determining appropriate voltage is still more 
an art, since existing noninvasive voltage 
measurements for mammography are accu¬ 
rate to within 1 or 2 kilovolts. Image quality, 
however, is influenced by subkilovolt chmges. 

A 46-cm-long diffraction spectrometer 
invented by Richard Deslattes at the National 
Institute of Standards and Technology, 

Gaithersburg, Md., promises much more 
accurate measurements for calibration, ac¬ 
cording to R. Edward Hendrick, chairman 
of the American College of Radiology (ACR) 

Committee on Mammography Quality As¬ 
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fications that are potentially cancerous. Two types of high-frequency 
analysis are employed by the algorithm. 

artery, is supposed to make heart surgery 
unnecessary. By means of a balloon tip or a 
tiny rotary blade, the catheter either com¬ 
presses or cuts out the plaque clogging the 
walls of arteries that nourish the heart mus¬ 
cle. The technique is called angioplasty. Ani¬ 
mal studies showed, however, that the rotary 
blade catheter cut into artery walls only 50 
percent of the time, data that the FDA 
charged Bard with concealing. 

The number of angioplasties jumped nine¬ 
fold between 1980, when the device was 
introduced, and 1990. Bard monopolized the 
U.S. balloon catheter market until 1985, when 
other companies introduced catheters with 
new features. The National Heart, Lung, and 
Blood Institute reported that nearly 300 000 
of the procedures were performed in the 
United States in 1991. 

According to the indictments, an entire 
plant, never inspected or approved, had been 
hidden from the FDA. FDA Commissioner 
David A. Kessler lambasted the company for 
“using unsuspecting patients as guinea pigs 
and operating rooms as laboratories.” 

Meanwhile, in November the FDA pro¬ 
posed to extend its regulations on medical 
devices back to the design stage. The agency 
estimated the new rules would cost the 
industry about US $85 million annually, but 
would prevent 53 deaths and 1150 serious 
injuries each year. Besides the risk of the 
rules stifling innovation, a spokesman for the 
Health Industry Manufacturers Association, 
Washington, D.C., said they “could be a sig¬ 
nificant extra burden.” As the adjoining ex¬ 
pert opinion suggests, the expectation of 
risk-free medical devices can actually be 
harmful to public health. ♦ 
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surance. A patent for the device was recently 
issued and a license for commercial manu¬ 
facture is presently pending. 

Many universities are developing auto¬ 
mated analysis techniques for mammo¬ 
grams. Lawrence Livermore National Lab¬ 
oratory, Livermore, Calif., developed an 
algorithm to detect microcalcifications in dig¬ 
itized mammograms. Initial results were 
mixed. Sometimes the algorithm produced 
too many false alarms, but it also identified 
microcalcifications missed by an experienced 
radiologist. 

Work continues on a classification system 
to distinguish between suspicious and innocu¬ 
ous microcalcifications as well as normal back¬ 
ground artifacts. The hope, said researcher 
Laura N. Mascio, is to produce a useful “com¬ 
puterized mammographer’s associate” to 
transfer to a medical imaging company. 

FDA CRACKDOWN. The medical indus^ often 
complains about the FDA’s delays in grant¬ 
ing approval of new products, and sometimes 
new product approvals fail to guard against 
unacceptable risks to patients. In October, 
the FDA’s biggest ever investigation into 
health care fraud ended with one of the 
world’s largest medical device manufactur¬ 
ers pleading guilty to more than 390 counts 
of fraud and human experimentation. 

The company, C.R. Bard Inc., Murray Hill, 
N.J., produced heart catheters that resulted 
in at least one death and 22 emergency heart 
surgeries. The biUion-doUar company agreed 
to pay $61 mOlion in fines, or almost all of 
its 1992 profits. It will be monitored for four 
years by an outside consultant reporting to 
the FDA. 

The catheter, a tube inserted into an 
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ounting pressures for 
improved productivity 
and efficiency in manu¬ 
facturing, together with 
the constant need to cut 
costs, are making indus¬ 
trial electronic products 
and systems more impor¬ 
tant than ever. New hardware and soft¬ 
ware—industrial robots, machine vision sys¬ 
tems, X-ray inspection systems, program¬ 
mable logic controllers, fuzzy logic, neural 
networks, and power electronics systems— 
not only help companies achieve these al¬ 
most universal goals but also assist in reduc¬ 
ing pollution. 

Particularly in Japan, industrial robots 
remain in demand. According to the Aug. 2 
Nikkei Weekly, the Japan Industrial Robot 
Association estimated that the market for 
Japanese-made units could reach almost 
¥460 biUion (US $4.27 billion) in 1993, up 8.2 
percent from the previous year. The increase 
is attributed, at least in part, to the introduc¬ 
tion of robots in such nontraditional areas 
as civil engineering, among others. 

Ongoing research on multisensor-con- 
trolled autonomous mobile robots indicates 
a lively interest in the idea of using auto¬ 
mated guided vehicles to handle materials 
in the course of computer-integrated manu¬ 
facturing. Meanwhile, robot navigation and 
intelligent sensors were among the themes 
addressed at lecon ’93, the 19th International 
Conference on Industrial Electronics, Con¬ 
trol, and Instrumentation, held last Novem¬ 
ber in Maui, Hawaii. 


Research on machine vision flourishes the 
world over, as several lecon ’93 sessions indi¬ 
cated. Workers at such institutions as the 
Massachusetts Institute of Technology, Por¬ 
tugal’s University of Porto, and the Univer¬ 
sity of Tokyo and several other Japanese uni¬ 
versities are vigorously exploring three- 
dimensional vision systems. Researchers at 
Tohoku University, Japan, for example, are 
developing a very large-scale integrated 
processor for 3-D object recognition. 

Machine vision systems that inspect the 
quality of solder joints on printed-circuit 
boards are being improved, particularly for 
surface-mount technology (SMT), where 
defects are hard to identify because compo¬ 
nents lie so close together. Two competing 
San Diego-based companies—IRT Corp. 
and Four Pi Systems, a subsidiary of Hewlett- 
Packard Co.—added to their lines of X-ray- 
based inspection systems. An automated 
process monitor from IRT Corp., the CXI- 
3600, analyzes images up to 50 percent 
faster than its predecessor, the CXI-3300, by 
using Motorola 68040 single-board comput¬ 
ers in a parallel multitasking mode. Other 
features are in-line operation and improved 
communications. The board moves on a con¬ 
veyor belt into the IRT system after reflow 
soldering and onward to the next stage in 
automated assembly. The CXI-3600 allows 
data transfer over an Ethernet network for 
such purposes as statistical process control. 

As for Four Pi Systems’ 5DX series of 


sectional X-ray imaging units can measure 
solder joints with a repeatability of within 2.5 
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on a card that can be plugged into per¬ 
sonal computers (albeit only those with an 
AT bus). It relies on two powerful coproces¬ 
sor chips: the company’s VC-1 and VC-2, with 
highly efficient image-processing algorithms. 
The VC-2, for example, performs Sobel edge 
detection at frame rate, a computation criti¬ 
cal to detecting edges in images being fil¬ 
tered. With its own frame grabber, on-board 
processor, and memory dedicated to vision 
processing, Cognex 5000 frees the personal 
computer to perform other control and pro- 
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micrometers, versus about 4 ixm in the ear¬ 
lier 3DX Series 3500G system, according to 
Bruce BoUiger, the company’s vice president 
for marketing. The motion control electron¬ 
ics have been improved with an adjustable 
board-positioning accelerator, which to¬ 
gether with a reduced-instruction-set com¬ 
puting (RISC) processor ensure that images 
are acquired at a rate of four per second, as 
opposed to three for the 3DX Series 3500G. 
Yet the new system is simpler, having a less 
complex mechanical system and a single-bus 
computer architecture that eliminates more 
than a hundred of the older design’s cables 


and connectors. So it sells for about two- 
thirds the price of its predecessor—about 
$370 000. 

MARCHING IN STEP. A strong stimulus to less 
costly manufacturing will undoubtedly come 
from the emerging international Standard 
for the Exchange of Product model data 
(STEP). As its name suggests, this stan¬ 
dardizes the way product data is modeled, 
so that organizations with different comput¬ 
ers and application software may exchange 
such data freely. The standard will apply to 
all critical specifications—such as shape, 
material, tolerance, functional description, 
and product structure—throughout a prod¬ 
uct’s life cycle, including disposal. Besides 
giving a big boost to transnational concurrent 
engineering, the standard will streamline 
design and manufacturing practices within 
companies that use incompatible computer 
platforms and software. ^EP is by now a 
unanimously approved draft international 
standard and should win the full endorse¬ 
ment of the Geneva-based International 
Organization for Standardization early this 
year. 

Such industry leaders as ABB Asea Brown 
Boveri Ltd., Zurich, Switzerland, have recog¬ 
nized step’s importance in their own work 
[“Concurrent engineering,” IEEE Spectrum, 
September 1993, p. 56]. In the Unit^ States, 
Ford Motor Co.’s Powertrain Operations, 
Dearborn, Mich., and the U.S. Department 
of Energy’s Allied Signal Kansas City plant 
have used STEP to design and build an engine 
part—the first transfer of product data be¬ 
tween different systems with the draft inter¬ 
national standard. Ford engineers esti¬ 
mate that STEP vrill ultimately cut 
powertrain design and manufacturing 
costs by about 25 percent. 

STEP has also been involved in the 
making of machined parts for the mil¬ 
itary in several U.S. facilities that use 
a system called rapid acquisition of 
manufactured parts (Ramp). Ramp was 
developed by Grumman Data Systems Corp., 
Bethpage, N.Y., and other companies partic¬ 
ipating in the South Carolina Research 
Authority’s Computer Integrated Manufac¬ 
turing team. Grumman reports that Ramp 
cuts the time needed to manufacture the 
parts, often not produced on a regular basis, 
by about 90 percent—from 300 to about 30 
days. 

Software for the design and manufacture 
of printed-circuit boards underwent a num¬ 
ber of developments. ATTDFA, design for 
assembly software first developed by AT&T 
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Neural-network-based software 
from Pavilion Technologies Inc., 
Austin, Texas, uses raw sensor 
data from a plant’s distributed 
control system, as well as a model 
of the process, to predict plant 
emissions. (The package is called 
Software CEM, for Continuous 
Emissions Monitoring system.) 
The model, constructed from ear- 


regression, is captured ii 
neural network. If the plant 
zeds the allowed emissions 
level, the system issues an alarm. 

A sensor-validation module in 
the software, again based on the 
earlier plant data and model, ensures that all sensors are functional, 
reconstructs bad sensor values, and warns of faulty sensors. 



Bell Laboratories, Holmdel, N.J., for its own 
use, will soon be available from AT&T 
Design Automation, Holmdel, N.J., according 
to Anne Gitlow, a consultant to the company. 
Among other features, ATTDFA calls the 
user’s attention to design rule violations— 
the creation of undesirable solder mask sliv¬ 
ers, for instance—thereby preventing poten¬ 
tially costly manufacturing errors. 

ATTDFA is the first of a series of software 
packages, planned for release this year and 
next, that will make up the company’s 
ATTDFM Station. This comprehensive 
design for manufacturing package will com¬ 
prise ATTDFF, a design for fabrication sys¬ 
tem; ATTDFT, a design for test system; and 
ATTDFX, a design for analysis system. 
These, along with the company’s new Design 
for Testability System with its comprehen¬ 
sive mixed signal simulation tool set, will 
make AT&T an important player in the 
design automation market. 

Greater flexibility in the design of testing 
fbrtures for printed-circuit boards is among 
the new features in Version 5 of FABmaster, 
a software tool for automating circuit board 
production from Fabmaster SA, Grenoble, 
France, a leading vendor of graphics soft¬ 
ware tools in this field. Another attractive 
feature is this version’s support of not one 
nail type (as before) but up to 255 nail types 
for the bed-of-nails test fixture design. Fab¬ 
master has also added a rework tool that sim¬ 
plifies adjusting a design to an engineering 
change order; the tool serves to cut unde¬ 
sirable copper links, to add jumper straps, 
and to add and remove parts. 

MORE CONTROL POWER. On the manufacturing 
floor, programmable logic controllers (PLCs) 
have become more powerful. From Siemens 
Industrial Automation Inc., Alpharetta, Ga., 
for example, came the Simatic TI555 PLC, 
which offers high-performance sequential 
PID (proportional, integral, derivative) con¬ 
trol and can also be programmed in such 
high-level languages as C. GE Fanuc Auto¬ 
mation North America Inc., Charlottesville 
Va., came up with more powerful central pro¬ 
cessing units (CPUs) for its midrange pro¬ 
grammable logic controllers, the Series 90- 
30, and its high-end PLC Series 90-70. The 
new Model 341 CPU for the Series 90-30 cut 
the time needed to scan 1000 Boolean 
instructions to 0.3 ms from 0.4 ms, and the 
execution times of most non-Boolean 
instructions have been halved. At the same 
time, the memory capacity for the new 90- 
30 rose to 40 000 words, from 8000, sur¬ 
passing the storage facilities of many high- 
end PLCs. 

GE Fanuc’s Series 90-70 is the first of this 
type of controller to be based on the Intel 486 
processor, the foundation for a new CPU— 
the Model 914. With 512 kilobytes of 32-bit 
user memory, the CPU is capable of outdo¬ 
ing many competing products, the company 
believes. The CPU’s flash memory also 
makes the controller much easier to start up 
and to upgrade than previous models were; 
the flash memory permits the operating sys¬ 


tem to be downloaded and reprogrammed 
with a 90-mm floppy disk inserted into a pro¬ 
gramming unit, which is in turn connected to 
the CPU’s serial port. 

More system integration and greater 
power go into Allen Bradley Co.’s PLC-5 pro¬ 
grammable logic controllers through added 
communications capabilities—Ethernet 
TCP/IP (transmission control protocol/ 
Internet protocol)—making these PLCs 
likely partners in open systems solutions. 
GOING FUZZY. Fuzzy logic is at home in indus¬ 
trial-control applications. The C200H-FZ001 
coprocessor board, for example, from Omron 
Electronics Inc., Schaumburg, Ill., plugs into 
a backplane of the company’s C200H pro¬ 
grammable logic controller; another Oniron 
fuzzy logic product, the ESIOO, is a compact 
process controller. Siemens Components 
Inc., Santa Clara, Calif., a company owned 
by Siemens AG, Munich, Germany, offers a 
fuzzy coprocessor chip, the SAE 81C99. 
Omron’s C200H-FZ001 coprocessor, a mod¬ 
ule developed for use with the company’s 
programmable logic controllers, lets opera¬ 
tors mk fuzzy and conventional control. 

Siemens’ SAE 81C99 coprocessor chip has 
a peak performance of 7.9 million rules per 
second at 20 MHz, which is faster than many 
competing products. The device gives users 
more freedom to select membership func¬ 
tions for fuzzy logic statements than other 
coprocessors on the market do; the functions 
are programmable in 8-bit space, and their 
shape is not restricted. 

Omron’s ESIOO combines fuzzy logic with 
advanced PID control. According to a com¬ 
pany spokesman, the controller is also unique 
in its use of fuzzy logic for adaptive tuning 
that alters PID constants in response to 
operator requests to stabilize the control, 
reduce overshoot, optimize the system’s 
response time, and so forth. Not the least 
important aspect of the controller is its com¬ 
pactness: at about 110 by 100 by 180 mm, it 
is half as big as competing products with sim¬ 
ilar capabilities. 

At Allen Bradley Co., Milwaukee, Wis. (a 
unit of Rockwell International Corp.), fuzzy 
logic controllers are designed as software 


subroutines. The software allows the com¬ 
pany’s programmable controllers to execute 
both the logic program and the fuzzy logic 
applications within the same processor. 

As for fuzzy logic development tools, Togai 
InfraLogic Inc., Irvine, Calif., a leading fuzzy 
logic company, recently announced its 
TILShell 3.0, a tool that helps design, debug, 
and test fuzzy logic expert systems and then 
creates the output code needed to implement 
the system. An update of the company’s ear¬ 
lier tool, TILShell 3.0 has several new fea¬ 
tures, including real-time, on-line debugging 
and tuning of fuzzy rules, membership func¬ 
tions, and rule weights— all vital elements in 
the design of fuzzy logic controllers. The 
update includes graphical object-based com¬ 
puter-aided software engineering tools. 

Togai Infralogic is also developing a spe¬ 
cial version of TILShell for fuzzy logic-based 
software used with Hartmann & Braun’s 
Contronic P industrial-control products. 
Hartmann & Braun AG, Frankfurt, Ger¬ 
many, is a member of the Mannesmann 
Group and a key player in instrumentation 
and process automation. A similar collabo¬ 
ration between Togai InfraLogic and Sie¬ 
mens AG’s Corporate Research Laborato¬ 
ries, Munich, has already borne fruit in the 
form of fuzzy control for Siemens’ Siwamat 
washing machine, which is marketed in 
Europe. In this case, fuzzy logic helps control 
the machines when they must cope with 
unbalanced loading, a tou^ problem because 
of their horizontal axis of rotation. 

BATCH CONTROL ON THE FLY. In the field of 
process control, one notable new product is 
GE Fanuc’s Cimplicity Batch Control System 
(BCS) for distributed batch control and data 
acquisition. The product is one of the com¬ 
pany’s latest additions to its growing Cim¬ 
plicity computer-integrated manufacturing 
(CEVD systems. 

Cimplicity BCS is significant because it 
permits users “to change setups on the fly 
without recoding and reprogramming,” said 
Larry MacDonald, manager of GE Fanuc’s 
Batch Control Program, Charlottesville, Va. 
The system, which complies with the Instru¬ 
ment Society of America’s emerging SP88 
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batch standard, makes modeling processing 
plants, a critical activity, “much more user- 
friendly,” said MacDonald; there is ‘*no need 
[for] familiarity with a computer language,” 
he added. Emphasizing open architecture, 
Cimplicity BCS is compatible with not only 
GE Fanuc’s line of PLCs but also those from 
other vendors. 

Elsewhere in the field of process control, 
neural networks are on the move, not least 
as a result of their ability to extract predic¬ 
tive models from multidimensional data, even 
when the data contain unknown nonlinear 
relationships. Neural networks are not only 
scoring big successes and saving large sums 
in operating costs, but they are also helping 
to reduce environmental pollution. 

A notable success is the Software CEM 
(Continuous Emissions Monitoring) system 
from Pavilion Technologies Inc., Austin, 
Texas, a model-based software system that 
predicts process plant emissions from read¬ 
ings of the plant’s sensors. According to the 
company. Software CEM permits users to 
comply with the emissions requirements of 
the 1990 U.S. Clean Air Act for about half to 
a third of what a hardware-based continuous- 


August, the Texas Air Control Board allowed 
process industries to replace hardware- 
based systems with predictive emission-mon¬ 
itoring systems similar to, or the same as, the 
one offered by Pavilion Technologies. 

Other successful neural network applica¬ 
tions improve process control. At a factory 
in Kitakyushu-shi, in Japan, Fujitsu Ltd., 
Kawasaki, and Nippon Steel Corp. developed 
a system that predicts breakouts in the con¬ 
tinuous casting of steel. The Intelligent Arc 
Furnace, from Neural Applications Corp., 
Coralville, Iowa, is a software package that 
controls electrode positions in arc furnaces. 
NeuCOP, a multivariable control and opti¬ 
mization package from NeuralWare Inc., 
Pittsburgh, was recently installed at Texaco’s 
Puget Sound plant, in Washington state, to 
control the company’s distillation tower; the 
package follows the company’s introduction 
of DANA (design advisor, neural analyzer) 
for process modeling. A partnership between 
Adaptive Solutions Inc., Beaverton, Ore., a 
company specializing in neural networks, and 
Meidensha Corp., Tokyo, will develop a 
speech recognition system to monitor and 
control large industrial equipment on a 
hands-off basis. 


emission-monitormg system would cost. Last 
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Meanwhile, power electronics systems for 
adjustable speed drives have increased their 
range to cover systems of up to about 750 
kW, up from about 600 kW earlier, mostly 
due to thyristors that switch faster. As a 
result, the undesirable harmonics injected 
into utility systems by power electronics 
loads are getting more attention than ever 
before. 

One outcome is “IEEE Standard 519-1992: 
Recommended practices and requirements 
for harmonic control in electric power sys¬ 
tems,” the latest revision available since last 
June. The standard vdU allow power utilities 
and users to cooperate in an effort to 
improve power quality for all. 

Last but not least, work toward a univer¬ 
sal field bus standard by the International 
Electrotechnical Commission is progress¬ 
ing at the Instrument Society of America SP- 
50 Committee. Two consortia have been 
established—WorldFIP, based on the factory 
information protocol (FIP), and the Interop¬ 
erable Systems Project QSP), based primar¬ 
ily on the Profibus, or process field bus, that 
originated in Germany. Both organizations 
have demonstrated technologies that sup- I 

port the emerging standard. ♦ 


“The conversion of information into struc¬ 
tured matter by means of controlled energy” 
is how modern manufacturing has been 
defined by Hans Jurgen Warnecke, profes- 
sor of industrial manufac¬ 
turing and management at 
the University of Stuttgart 
and head of the Fraunhofer Institute in Ger¬ 
many. Clearly, if he is right, progress in man¬ 
ufacturing will depend heavily on the appli¬ 
cation of information, automation, and control 
technologies. 

Billions of dollars are spent worldwide on 
basic research each year, so technologies 
often become available long before industry 
is ready to adopt them. Only recently have 
such artificial intelligence techniques as rule- 
based inferencing become industrial- 
strength tools for manufacturing applica¬ 
tions. Although fuzzy logic has been well 
understood for more than a decade, only in 
the past year did a number of industrial-con¬ 
trol vendors make this technology generally 
available on their systems. Neural network 
technology for manufacturing is still on the 
back burner. 

Nonetheless, the functional capabilities of 
industrial control equipment follow the 
hyperexponential trend observed in technol¬ 
ogy growth as a whole. For instance, a typi¬ 
cal programmable controller system’s func¬ 
tional capabilities grew by three orders of 
magnitude between 1970 and 1980. More¬ 
over, the explosive growth of technology, the 
increasing globalization of both markets and 
manufacturing operations, the appearance of 
ever more sophisticated consumers, and 
growing demands for environmental protec- 
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tion have all combined to create pressures 
for revolutionary change in manufacturing 
practices. 

The required transformation has been 
characterized as a paradigm shift to “agile” 
enterprises capable of produc¬ 
ing semicustom products in 
small lots, at an economic and 
environmental cost no higher 
than that of today’s mass pro¬ 
duction. 

In the face of such monu¬ 
mental changes, manufacturing 
will become even more informa¬ 
tion-driven. Only enterprises 
that can bring into play the 
knowledge of all their employ¬ 
ees, both white and blue coto, 
will survive. What is needed is 



What is needed is the 

the integration of people and integration Of geopie and 
intelligent machines within the inteiiigent machines... in a IMS program prove successful. 


Allen-Bradley Co., Milwaukee, Wis., cur¬ 
rently serves as principal coordinating part¬ 
ner of one of these groups, the Holonic Man¬ 
ufacturing Systems Consortium, which is 
conducting a test case in research, precom- 
petitive development, and the 
systematization and standard¬ 
ization of architecture and tech¬ 
nology for open, distributed sys¬ 
tems in which autonomous, 
cooperating elements (holons) 
encompass discrete, continu¬ 
ous, and batch processing. 

People will clearly play a key 
role, for many years to come, in 
providing exactly the attributes 
essential for the manufacturing 
systems of the year 2000: 
autonomy, cooperation, and in¬ 
telligence. If such efforts as the 


entire range of corporate activi- way that improves the 
ties, and in a way that improves fiexibiiity, the agiiity, and 
the flexiljility, the agility, the pro- the Quaiity Of the Whoie 
ductivity, and the quality of the manufactoring enterprise' 
whole manufacturing enterprise. 

These issues are being addressed by a 
two-year international feasibility study in 
Intelligent Manufacturing Systems QMS), 
currently in progress in Japan, ±e United 
States, the countries of the European Union 
(formerly Community) and of the European 
Free Trade Association (EFTA), Canada, and 
Australia. As part of this study, which is 
scheduled to be completed in March 1994, sue 
international consortia are conducting test 
cases in collaborative international research 
and development. 


the answer to the question 
“where will all the manufactur¬ 
ing workers go?” will be “back 
into manufacturing—^as human 
beings rather than as auto¬ 
mata!” But one thing is clear: there will be an 
ever-increasing demand for technical profes¬ 
sionals and a decreasing need for blue-collar 
workers. 


Odo J. Struger (F) is vice president, technology, of 
the Allen-Bradley Co., a wholly owned subsidiary 
of Rockwell International Corp., headquartered in 
Milwaukee, Wis. Struger has more than 35 years 
of experience in industrial-control and automation 
technology. He holds over 45 patents and is the 
author of over 30 books and arficles in fhis area.. 
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The specialties 



ublic transit systems using 
magnetic levitation may 
prove more attractive to 
cities considering building 
them thanks to new slid¬ 
ing-mode switching con¬ 
trols. Also becoming at¬ 
tractive are surface acous¬ 
tic wave devices for consumer applications, 
particularly for mobile communication 
handsets. Short-wavelength semiconductor 
and gas lasers look promising for such fields 
as environmental remediation, materials 
processing, and data storage. But wdth the 
growing number of electronic information 
sources, communicators are discovering 
they must be versed in a wide assortment 
of software packages. These are among spe¬ 
cialized branches of electrical engineering in 
which IEEE Societies have reported recent 
advances. 

Computer-aitfetf communication 

While the previous year’s concerns for those 
who work on engineering documents were 
multimedia and interactive documents, this 
past year “information sources seem to be an 
increasing problem,” according to David L. 
McKown of the IEEE Professional Commun¬ 
ication Society. 

The communicator, in combining the elec¬ 
tronic input from multiple authors and illus¬ 
trators, must deal with text received on 
diskette, by e-mail, downloaded from main¬ 
frames, and sent in as facsimiles, printouts, 
or handwritten drafts. Figures may be pre¬ 
pared in any number of illustrator or spread¬ 
sheet programs with their own special fonts 
and tabular format. All these must be 
merged into one compatible whole. 

The communicator can no longer be just 
a writer or editor, but now “has to know 
which files can be combined easily, and must 
be familiar with the dozens of work-arounds 
for incompatible file formats,” McKown said, 
“tasks that used to belong in the realm of a 
systems administrator, programmer, or 
friendly office hacker.” These tasks add to 
the time and cost of the final document or 
publication. 

This problem might be solved by im¬ 
proving &e interchangeability of file formats, 
especially those of graphics and integrated 
documents, McKown pointed out. “More 
work is needed on a truly hardware- and 
software-independent form of document,” he 
said. Because such a solution is certain to be 
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resource-hungry, also needed are larger, 
more affordable, and rugged data storage 
devices that are independent of platform. 

SAW raters go consumer 

A big advance in the field of ultrasonics has 
been the use of surface-acoustic-wave (SAW) 
filters in consumer products. SAW filters 
have three advantages: they are small, 
rugged, and stable, making them useful for 
several industries. Each year, more than 100 
million SAW IF filters are being manu¬ 
factured for television receivers. More and 
more are also being used for channel filtering 
as well as for RF filtering in mobile commu¬ 
nication systems, according to Clemens C. W. 
Ruppel of Siemens Corporate Research and 
Development in Munich, Germany. Ruppel is 
a member of the technical program com¬ 
mittee of the Ultrasonics, Ferroelectrics, and 
Frequency Control Society. 

“The trend toward higher frequencies for 
remote control systems makes SAW res¬ 
onators advantageous for the frequency-de¬ 
termining devices in these systems,” Ruppel 
wrote in his review paper “SAW Devices for 
Consumer Communication Applications,” 
published in the September 1993 issue of 
IEEE Transactions on Ultrasonics, Ferro¬ 
electrics, and Frequency Control. “A new ap¬ 
plication for SAW filters might be analog cor¬ 
relators in mobile telephones using code 
division multiple access.” 

Controis give magiev an edge 

Sliding-mode control is a form of switching 
control well suited to nonlinear systems. One 
application is maintaining the clearance of 
magnetically levitated vehicles above the 
tracks—imder a wide range of operating 
conditions and sensor variations. In fact, ac¬ 
cording to Tim Johnson, vice president of 
technical affairs in the Control Systems 
Society, this approach increases the safety of 
magiev systems and reduces the cost of their 
tracks. 

Also new are integrated htrman-machine 
interfaces, the name given to a new work¬ 
station technology that uses animated 
graphics. It improves the coordination of 
systems being operated at a distance (tele¬ 
operation systems) because they are in space 
or are handling nuclear or hazardous ma¬ 
terials. Force-reflecting systems with two or 
more arms may be controlled by a person re¬ 
sponding naturally to visual inputs. 

Meanwhile, genetic search techniques— 
those that create many optional models and 
then select the solutions that best fit ±e 


data—have been used to better model the 
drivetrain of an automobile. Specifically, gene¬ 
tic algorithms have been used in combination 
with physical modeling to help in simulating 
the jerk felt when a vehicle’s accelerator is 
applied in low gear. As the application of 
genetic algorithms is a general technique, it 
may be used in any field where mathematical 
models have many unknown parameters. 

Spotiigilt on biue and UV iasers 

Recently developed blue and blue-green 
light-emitting diodes (LEDs) and diode lasers 
have made several new applications possible, 
according to Russell D. Dupuis, chair of the 
Technical Committee on Materials and 
Processing. The materials being developed 
for blue emitters include the II-VI com¬ 
pounds zinc cadmium selenide (ZnCdSe) and 
zinc sulfur selenide (ZnSSe). Key here is the 
growth of p-type zinc selenide (ZnSe) by 
means of molecular-beam epitaxy; the ZnSe 
is then doped with nitrogen using a nitrogen 
RF plasma source that decomposes nitrogen 
from a molecular into an atomic state. 

Another materials system that looks hope¬ 
ful for ultraviolet and blue emission is alum¬ 
inum indium gallium nitride (AIInGaN). As 
before, the key is the development of a p-type 
magnesium dopant. 

Blue and ultraviolet-emitting LEDs have 
been reported, and an injection laser (a diode 
laser activated by ±e injection of current) 
is expected in the near future. “These ma¬ 
terials advances provide the exciting possi¬ 
bility of a combined white-light semicon¬ 
ductor injection laser system for a variety 
of applications,” Dupuis noted. 

Also advancing are short-wavelength gas 
lasers, according to Ronald W. Waynant of 
the U.S. Food and Drug Administration in 
Rockville, Md. Last year researchers at Rice 
University in Houston, Texas, took a leap 
forward in developing excimer lasers by 
using the Cs2-i-F- laser, which emits at a 
wavelength of 185 nm. 

The pumping mechanism was a laser-pro¬ 
duced plasma source that photo-ionized the 
cesium fluoride vapor, a technology that 
might be extended to other ionic excimers 
with other wavelengths and perhaps with 
better output. Applications for shorter wave¬ 
lengths include materials processing and 
semiconductor device lithography. 

Other research is opening up new uses for 
ultraviolet lasers. Among them is the pho¬ 
todecomposition of pollutants in the envi¬ 
ronment and the remote determination of at¬ 
mospheric ozone concentrations. ♦ 
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To probe further 


MEDIA EVENT. Transcripts of the “Donahue” 
and “Nightline” broadcasts on virtual reality 
are available at US $3.00 each from Journal 
Graphics, 1535 Grant St., Denver, Colo.; 303- 
831-9000. 

TELECOMMUNICATIONS. The Geodesic Network 
II: 1993 Report on Competition in the Tele¬ 
phone Industry by Peter W. Huber, Michael 
K. Kellogg, and John Thome (The Geodesic 
Co., Washington, D.C., 1992) is a recent analy¬ 
sis of the state of the telephone industry. 

“Personal Wireless” by Bennett Z. Kobb, 
IEEE Spectrum, June 1993, pp. 20-25, intro¬ 
duces the technical and regulatory issues 
affecting the development of personal com¬ 
munications services. George Calhoun exam¬ 
ines these issues in detail in Wireless Access 
and the Local Telephone Network (Artech 
House, Boston, 1992). 

DATA COMMUNICATIONS. Gigabit Networks by 
Craig Partridge (Addison-Wesley, Reading, 
Mass., 1994) describes Bolt, Beranek, and 
Newman’s gigabit project. 

Enterprise Networking: Fractional T1 to 
SONET, Frame-Relay to B-ISDN hy Daniel 
Minoli (Artech House, Boston, 1993) is a 
detailed reference work on past, present, and 
future wide-area network technologies. 
CONSUMER ELECTRONICS. Digital compression 
for television transmission and interactive 
TV is explained in Twenty-First Century 
Television: Cable Television in the Informa¬ 
tion Age (National Cable Television Associ¬ 
ation, Washington, D.C.); 202-775-3680. 

Technical aspects of new consumer elec¬ 
tronics developments will be discussed at the 
IEEE Consumer Electronics Society’s 1994 
International Conference on Consumer Elec¬ 
tronics, June 21-23, Rosemont, Dl. Call Diane 
Williams at 716-392-3862 for information. 
PCs AND WORKSTATIONS. Client/Server Com¬ 
puting by Dawna Travis Dewire (McGraw- 
Hill, New York, 1993) gives a detailed 
overview of current system architectural and 
operating system issues. The April 1993 
issue of American Programmer ((Gutter In¬ 
formation Corp., Arlington, Mass.) has a 
quick overview of the same issues from a 
programmer’s point of view. 

Helen Custer’s Inside NT (Microsoft 
Press, Redmond, Wash., 1993) is an authori¬ 
tative book on Windows NT. 

SOFTWARE ENGINEERINC. Paul E. Renaud sur¬ 
veys marketing and technical considerations 
of client-server computing applications in 
Introduction to Client/Server Systems (John 
Wiley & Sons, New York, 1993). 

Object Oriented Modeling and Design by 
Jim Rumbaugh and others (Prentice Hall, 


Englewood Cliffs, N.J., 1991) is a bible for 
methods of object-oriented programming. 
APPLICATION SOFTWARE. Networking Win¬ 
dows NT by John D. Ruley and colleagues 
Cohn Wiley & Sons, New York, 1993) is a 
description of the Windows NT operating 
system and its networking capabilities. 
Simon Barry’s “It’s not just for mainframes 
anymore: symbolic math software,” which 
starts on p. 405 of PC Magazine’s August 
1992 issue, gives an overview of five symbolic 
math software packages. 

LARGE COMPUTERS. The chief forum for dis¬ 
cussing technical advances in high-end com¬ 
puting is the Proceedings of the Supercom¬ 
puting ’93 Conference, sponsored by the 
IEEE Computer Society and held in Portland, 
Ore., Nov. 15-19. It is available as Catalogue 
No. 93CH3342-3; call 202-371-1013. 

In High-Performance Computing: Ad¬ 
vanced Research Projects Agency Should Do 
More to Foster Program Goals (May 1993), 
the U.S. General Accounting Office notes 
that improvements are needed before the 
systems can play a larger role in commer¬ 
cial applications. 

SOLID STATE. A textbook by Daniel Tabak, 
Advanced Microprocessors (McGraw-Hill, 
New York, 1991), describes the architectures 
and organization of many devices. Micro¬ 
processor Report, a newsletter published 17 
times a year by MicroDesign Resources, 
Sebastopol, Calif. (707-8244004), keeps read¬ 
ers up to date on recent developments in 
integrated circuit designs. 

The June 1993 issue of the IEEE Com¬ 
puter Society’s bimonthly magazine, IEEE 
Micro, has informative articles on Intel’s Pen¬ 
tium, Hewlett-Packard’s PA7100, and DEC’S 
Alpha 21064 microprocessors. 

POWER AND ENERGY. The Electricity fournal, 
a monthly published in Seattle, Wash., pro¬ 
vides commentary and in-dep± reports on 
critical issues in the utility industry. Call 206- 
448-4078 for more information. IEEE Power 
Engineering Review, published by the Power 
Engineering Society, has articles of a tech¬ 
nical nature, as well as Society news. 

TEST AND MEASUREMENT. For an overview of 
lEEE/ANSI Std 1149.1, including a discussion 
of its significance and a description of its 
most important features, see ‘Testability on 
TAP,” by Ck)lin M. Maunder and Rodham E. 
Tulloss, Spectrum, February 1992, pp. 34-37. 
A complete description of Maunder’s pro¬ 
posal for managed built-in test is available 
in his paper “A Universal Framework for 
Managed Built-In Test,” Proceedings, Inter¬ 
national Test Conference 1993, pp. 21-29. 


TRANSPORTATION. The cover story of the 
October 1993 issue of Mechanical Engi¬ 
neering features American Flywheel’s 
design and plans. Alex Taylor argues against i 
meeting zero emission standards with elec¬ 
tric cars in the July 26,1993, issue of Fortune, 
while Victor Wouk and Ely Sobel debate the 
merits of the hybrid electric vehicle in the 
December 1993 issue of Spectrum. 

Congressional Quarterly Researcher, Apr^ 

16,1993, examines magnetic levitation and 
high-speed rail issues. 

AEROSPACE AND MILITARY. The difficulties of 
the Hubble Space Telescope and plans to 
repair it are detailed by Richard Tresch Fein- 
berg in “Hubble’s Road to Recovery,” and by 1 

astronaut Jeffrey Hoffman in “How We’ll Ffac 
the Hubble Space Telescope,” both in Sky & 
Telescope, November 1993, pp. 16-19; see also 
the April 1993 issue. 

MEDICAL ELECTRONICS. Maurice Freedman 
discusses the European standards situation 
in “The EC Medical Devices Directives,” 

IEEE Engineering in Medicine and Biology, 

June 1993. 

IEEE Visualization ’93, held Oct. 25-29, 
included sessions on medical simulation. For 
information, contact the IEEE Customer 
Service Center; 800-678-IEEE. 

INDUSTRIAL ELECTRONICS. Neural networks 
are discussed in “Neural networks at work,” 
Spectrum, June 1993, pp. 26-32, and in 
“Working with neural networks,” Spectrum, 

July 1993, pp. 46-53. “Neural networks: appli¬ 
cations in industry, business and science,” 
Communications of the ACM, Vol. 37, no. 3, 
to be published in March 1994, deals with 
applications. 

The September 1993 issue of Spectrum 
is devoted to new technologies in manufac¬ 
turing. For the English version of DIN 19 245, 
the international standard for the Profibus 1 

fieldbus, contact Profibus Trade Organiza¬ 
tion, 750 Holiday Dr., Building 9, Pittsburgh, 

PA 15220; 1-800-228-1737 or 412-921-3322; 
fax, 412-921-3356. 
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member of the Senior EkUtorial Staff. A Spectrum Guide to Authors is available. 

Editor 

IEEE spectrum, 345 E. 47th St., New York, N.Y. 1(X)17 

212-705-7574 

Special note to IEEE PRESS authors 

IEEE PRESS books span the array of engineering subjects and on occasion treat impor¬ 
tant nontechnical subjects as well. Tliey include tutorial books, professional and reference 
books, texts, and volumes formed around journal reprints and special issues. 

A prospective author is encouraged to submit a proposal giving the details of the subject, 
coverage, level, and approach of the book. Guidelines for preparing a book proposal are avail¬ 
able, on request, from the Managing Editor (see address below). The book proposal will be 
reviewed by the PRESS Editorial Board to determine likely quality of, and need for, the 
book. The endorsement of the appropriate IEEE Society is required for reprint books before 
the proposal is approved. If approved, the author or editor will be offered a publishing 
agreement covering manuscript size, schedule, and royalty payments. 

Book proposals should be sent to; 

IEEE PRESS, 445 Hoes Lane, Box 1331, Piscataway, NJ 08855-1331 


IEEE Potentials 

Student magazine discusses career issues, iatest 
technicai areas, and other subjects of general in¬ 
terest to the eiectrical and computer engineering 
student. (4) 

Edmund Milier, 3225 Cailceiestrial, Santa Fe, 
NM 87501 505-667-4316 
For information on manuscript submission; IEEE 
Potentials, IEEE Service Center, 445 Hoes Lane, 
Box 1331, Piscataway, NJ 08855-1331 

Proceedings of the IEEE 

Publishes comprehensive, in-depth review, tutorial, 
and survey material written for readers who are 
not specialists in the subjects being treated. It spe¬ 
cializes in material of broad significance and long- 
range interest in all technical fields within the 
scope of the IEEE, including all aspects of elec¬ 
trical and computer engineering and science. From 
time to time, papers emphasizing managerial, his¬ 
torical, economic, and ethical aspects of tech¬ 
nology are published. Authored by recognized au¬ 
thorities, papers include extensive introductions 
written at a level suitable for the nonspecialist, with 
numerous references for those wishing to probe 
further. A number of issues a year are devoted to a 
single subject of special importance. 

(12) 

George Watson, Proceedings of the IEEE, 445 Hoes 
Lane, Piscataway, NJ 08855 908-562-5478 


IEEE TRANSACTIONS, 
JOURNALS, AND MAGAZINES 

These publications of IEEE Societies provide the 
means by which the member keeps abreast of the 
advances in specific fields. Their mission is to 
record and disseminate new scientific and 
technical information for present and future 
members of the profession. 

Aerospace and Electronic Systems, IEEE Trans 

Equipment, procedures, and techniques applicable 
to the organization, installation, and operation of 
functional systems meeting high-performance re¬ 
quirements of earth and space systems. (4) 

Jack R. Harris, 20400 Highland Hall Dr., 
Gaithersburg, MD 20879 301 -251 -4810 

Aerospace and Electronic Systems Magazine 

Aspects of earth and space systems, radar, navi¬ 
gation, guidance and control, and communication 
data handling as well as systems for their simu¬ 
lation and test. Intended to keep engineers current 
in development, operation, and test of civil and 
military electronic systems. (12) 

H. Warren Cooper, 7211 Windsor Lane, 
Hyaltsville, MD 20782 301 -927-7681 

Annals of the History ot Computing 

Chronicles vital contributions and their impact on 


society. Departments: Happenings; Biographies; 
Anecdotes; Self-Study Q&A; Reviews; and 
Comments, Queries, and Debate. (4) 

J.A.N. Lee, V.A. Tech., 133 McBride Hall, 
Blacksburg, VA 24061 703-231 -6705 

Antennas and Propagation, IEEE Trans. 

Experimental and theoretical advances in electro¬ 
magnetic theory and in the radiation, propagation, 
scattering and diffraction of electromagnefic 
waves, and the devices, media and fields of appli- 
cafion pertinent thereto such as antennas, 
plasmas, and radio astronomy systems. (12) 

Ronald J. Marhefka, Electroscience Labs, Ohio 
State University, 1320 Kinnear Rd., Columbus, 
DH 43212-1191 

Antennas and Propagation Magazine 

Antenna theory, design and practice; propagation, 
theory and effects; and a broad range of general 
interesf topics including basic electromagnetics, 
computational and numerical techniques, personal 
computers for EEs, scattering and diffraction, radar 
and radar cross sections. (6) 

W. Ross Stone, Expersoft Corp., 1446 Vista 
Claridad, La Jolla, CA 92037 619-459-8305 

Applied Superconductivity, IEEE Trans. 

Contains articles on the applications of supercon¬ 
ductivity and relevant technology. Electronic appli¬ 
cations include analog and digital circuits em¬ 
ploying thin films and active devices such as 
Josephson junctions. Power applications include 
magnet design as well as motors, generators, and 
power transmission. (4) 

Theodore Van Duzer, Dept, of EECS, University 
of California, Berkeley, CA 94720 

415-642-3306 

Automatic Control, IEEE Trans. 

The theory, design, and application of control 
systems: real-time control, optimal control, 
adaptive and stochastic control, estimation and 
identification, linear systems, system modeling, 
and applications of physical, economic and social 
sysfems. (12) 

John BaillieuI, Department of Aerospace/ 
Mechanical Engineering, Boston University, 110 
Cummington St., Boston, MA 02215 

617-353-9848 

Biomedical Engineering, IEEE Trans. 

Broad coverage of concepts and methods of the 
physical and engineering sciences applied in 
biology and medicine, ranging from formalized 
mathematical theory through experimental science 
and technological development to practical clinical 
applications. (12) 

Dr. Michael R. Neuman, Obstetrics & 
Gynecology, MetroHealth Medical Center, 2500 
MetroHealth Dr., Cleveland, OH 44109 

216-459-5095 

Broadcasting, IEEE Trans. 

Broadcast technology, including the production, 
distribution, transmission, and propagation 
aspects of broadcasting. (4) 

Phil Rubin, Rubin, Bednarek & Associates, 1350 
Connecticut Ave., Suite 610, Washington, DC 
20036 202-296-9380 

Circuits and Devices Magazine 

Provides in-depth assessments of emerging tech¬ 
nologies and their continued impact on the 
human-machine interface. Included are papers and 
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tutorials on VLSI; manufacturing technology; semi¬ 
conductor processes; quantum electronics; digital 
and analog circuits; components and packaging. 
Also, book reviews, news and notes, conferences, 
workshops, seminars, and lectures. (6) 

Ronald W. Waynant, Food and Drug 
Administration, Center for Devices and 
Radiological Health (CDRD), Electro-Optics 
Branch, HFZ-134, Rm 12,1901 Chapman Rd., 
Rockville, MD 20857 301 -443-2965 

Circuits and Systems, Part i: Fundamentai 
Theory and Appiications; IEEE Trans. 

Widely recognized forum for new results In elec¬ 
tronic circuits and systems; system theory; 
discrete, 1C, and VLSI circuit design; nonlinear 
circuits and systems; multidimensional circuits 
and systems; theory of analog and discrete-time 
filtering; graph theory; and large-scale systems 
and power networks. (12) 

Martin Hasler, Department of Electrical 
Engineering, Ecole Polytechnique Federale de 
Lausanne, EPFL-Ecublens CH-1015 Lausanne, 
Switzerland 

Circuits and Systems, Part II: Analog and Digital 
Signal Processing; IEEE Trans. 

Analog and digital signal processing, including 
active, passive, switched-capacitor, and digital 
filters; nonlinear filters and signal-processing op¬ 
erators; new hardware structures and software al¬ 
gorithms for signal processing; video and image 
processing; and signal processing in higher di¬ 
mensions. (12) 

David Allstot, Dept, of Electr. and Computer 
Eng., Carnegie Mellon University, Pittsburgh, PA 
15213 

Circuits and Systems for Video Technology, IEEE 
Trans. 

Video A/D and D/A, display technology. Image 
analysis and processing, video signal characteri¬ 
zation and representation, video compression tech¬ 
niques and signal processing, multidimensional 
filters and transforms, analog video signal pro¬ 
cessing, neural networks for video applications, 
nonlinear video signal processing, video storage 
and retrieval, computer vision, packet video, high¬ 
speed real-time circuits, VLSI architecture and im¬ 
plementation for video technology, multiprocessor 
systems—hardware and software—video systems 
architecture, video quality assessment, and other 
video-technology-related topics. (6) 

Ming Liou, Hong Kong University Science and 
Technology, Dept, of EE Eng., Clear Water Bay, 
Kowloon, Hong Kong 

Communications, iEEE Trans. 

Telephone, telegraphy, facsimile, and point-to- 
point television, by electromagnetic propagation, 
including radio; wire; aerial, underground, coaxial, 
and submarine cables; waveguides, communi¬ 
cation satellites, and lasers; in marine, aero¬ 
nautical, space and fixed station services; re¬ 
peaters, radio relaying, signal storage, and regen¬ 
eration; telecommunication error detection and 
correction; multiplexing and carrier techniques; 
communication switching systems; data commu¬ 
nications; and communication theory. In addition 
to the above, this Transactions contains papers 
pertaining to analog and digital signal processing 
and modulation, audio and video encoding tech¬ 
niques, the theory and design of transmitters, re¬ 
ceivers, and repeaters for communications via 
optical and sonic media, the design and analysis of 
computer communication systems, and the devel¬ 
opment of communication software. (12) 

Joseph LoCicero, Dept, of EE, Illinois Institute of 


Technology, Chicago, IL 60616 

312-567-3408 

Communications Magazine 

All areas of communications: conferences, short 
courses, standards, governmental regulations and 
legislation, book reviews, and special feature 
technical articles; Society news, including admin¬ 
istration and elections. (12) 

Tom Plevyak, Bell Atlantic, 1310 N. Court House 
Rd., 3rd Floor, Arlington, VA 22201 

703-974-5655 

Communications, Seiected Areas in; IEEE J. 

All telecommunications, including telephone, 
telegraphy, facsimile, and point-to-point television, 
by electromagnetic propagation, including radio; 
wire; aerial, underground, coaxial, and submarine 
cables; waveguides, communication satellites, and 
lasers; in marine, aeronautical, space, and fixed 
station services; repeaters, radio relaying, signal 
storage, and regeneration; telecommunication 
error detection and correction; multiplexing and 
carrier techniques; communication switching 
systems; data communications; and communi¬ 
cation theory. (9) 

William H. Tranter, Dept, of EE, University of 
Missouri, Rolla, MO 65401 314-341 -4514 

Components, Packaging, and Manufacturing 
Technoiogy, Part A: iEEE Trans. 

Component parts, hybrid microelectronics, ma¬ 
terials, packaging techniques, and manufacturing 
technology. (4) 

Paul G. Slade, Westinghouse Science & Tech. 
Ctr, Westinghouse Circle, Horseheads, NY 14845 
607-796-3230 

Components, Packaging, and Manufacturing 
Technoiogy, Part B: Advanced Packaging, IEEE 
Trans. (4) 

Che Yu Li, Bard Hall, Cornell University, Ithaca, 
NY 14853 607-255-4349 

Computational Science and Engineering 

Articles defining the field as the interface among 
the applications (in science and engineering), al¬ 
gorithms (numerical and symbolic), system 
software, and computer architecture. Articles 
should be readable by specialists from various dis¬ 
ciplines; i.e. should overcome the barriers usually 
created by discipline-oriented vocabularies. 
Articles describing future workbenches for de¬ 
veloping application software in various disciplines 
will be encouraged. (4) 

Ahmed Sameh, Computer Science Dept., Univ. 
of Minnesota, 4-192 EE/CS Bldg., 200 Union St. 
SE, Minneapolis, MN 55455 

Computer-Aided Design of Integrated Circuits 
and Systems, IEEE Trans. 

Methods, algorithms, and human-machine in¬ 
terfaces for physical and logical design, including; 
planning, synthesis, partitioning, modeling, simu¬ 
lation, layout, verification, testing, and documen¬ 
tation of integrated-circuit and systems designs of 
all complexities. Practical applications of aids re¬ 
sulting in producible analog, digital, optical, or mi¬ 
crowave integrated circuits are emphasized. (12) 
Malgorzata Marek-Sadowska, Dept, of EE+CS, 
Univ. of California at Santa Barbara, Santa 
Barbara, CA 93016 805-893-2721 

Computer Applications in Power Magazine 

Magazine devoted to computer applications to the 
design, operation, and control of power systems. 
Includes articles on transient network analysis, 
circuit evaluation, steady-state analysis, cable 


management systems, economics, and con¬ 
tingency analysis. (4) 

William R. Brownlee, 350 Galleria Woods Dr., 
Birmingham, AL 35244 205-985-7530 

Computer Graphics and Appiications Magazine 

Computer graphics hardware and software, display 
technology, computational geometry, geometric 
data structures and databases, industrial appli¬ 
cations, animation methodology, human factors 
for graphics, interactive graphics languages, 
graphic arts, graphics support of MIS, and dis¬ 
tributed graphics techniques. (6) 

Peter R. Wilson, Rensselaer Polytechnic 
Institute, Cll 7015,110 8th St., Troy, NY 12180 
518-276-2968 

Computer Magazine 

Survey and tutorial articles covering computer 
hardware, software, and system design and appli¬ 
cation; special issues focus on such topics as VLSI 
design, software engineering, local area networks, 
computer communications, and computer archi¬ 
tecture. Regular departments present new product 
announcements, book reviews, and professional 
calendar. (12) 

Ted G. Lewis, Computer Science Dept., Code 
CS, Naval Postgraduate School, Monterey, CA 
93943-5100 408-656-2499 

Computers, IEEE Trans. 

Design and analysis of algorithms, computer 
systems, and digital networks; methods for spec¬ 
ifying, measuring, and modeling the performance 
of computers and computer systems; design of 
computer components, such as arithmetic units, 
data storage devices, and interface devices; design 
of reliable and testable digital devices and systems; 
computer networks and distributed computer 
systems; new computer organizations and archi¬ 
tectures; applications of VLSI technology to com¬ 
puters; human factors and interactive computer 
systems; application of computer technology to 
other disciplines such as automatic control, ro¬ 
botics, communication or real-time information 
processing, and instrumentation. (12) 

Earl Swartzlander, Dept. ECE, University of 
Texas, Austin, TX 78712 512-471 -5923 

Consumer Electronics, IEEE Trans. 

The design and manufacture of consumer elec¬ 
tronics products, components, and related ac¬ 
tivities, particularly those used for entertainment, 
leisure, and educational purposes. (4) 

Wayne C. Luplow, Zenith Electronics Corp., 
1000 Milwaukee Ave., Glenview, IL 60025 

312-391-7873 

Control Systems Magazine 

Control system applications and experiences, 
design tools, conference programs, educational 
features, book reviews, and Society news items. 
For practicing control system engineers. (6) 
Stephen Yurkovich, Ohio State University, Dept, 
of EE, 408 Dreese Lab, 2015 Neil Ave., 
Columbus, OH 43210-1272 614-292-2586 

Control Systems Technology, Trans. 

An archival journal bridging theory and practice 
and covering advances in control engineering. 
Control systems from analysis and design through 
simulation and hardware. (4) 

Bruce Krogh, Dept. ECE, Carnegie Mellon 
University, Pittsburgh, PA 15213 

412-268-2472 

Design and Test of Computers Magazine 

Methods, practical experience, research ideas, and 
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commercial products that aid in the design and 
test of chips, assemblies, and systems —e.g., 
design automation, CAD workstations, design 
software, computer-aided test, test equipment, 
self-test, and design for testability. (4) 

Manuel A. d’Abreau, Intel Corp., M/S FM 3108, 
1900 Prairie City Rd., Folsom, CA 95630 

Dielectrics and Electrical Insulation, IEEE Trans. 

Electrical insulation common to the design and 
construction of components and equipment for 
use in electric and electronic circuits and distri¬ 
bution systems at all frequencies. (6) 

Arend van Roggen, RD 2, Kennett Square, PA 
19348 215-388-6909 

Education, IEEE Trans. 

Educational methods, technology, and programs; 
history of technology; impact of evolving research 
on education. (4) 

Prof. Frank Barnes, Dept, of Electr. Eng., 
University of Colorado, Campus Box 425, 
Boulder, CO 80309-0425 303-492-5071 

Electrical Insulation Magazine 

Compilation of articles and news that relate to in¬ 
sulation and dielectrics. Includes conference ac¬ 
tivities reporting and papers of general interest.(6) 
Frank Barnes, Univ. of Colorado, Dept, of EE, 
Campus Box 425, Boulder, CO 80309 

303-492-5071 

Electromagnetic Compatibility, IEEE Trans. 

EMC standards; measurement technology; un¬ 
desired sources; cable/grounding; filters/shielding; 
equipment EMC; systems EMC; antennas and 
propagation; spectrum utilization; electromagnetic 
pulses; lightning; radiation hazards; and Walsh 
functions. (4) 

Motohisa Kanda, Electromagnetic Fields 
Division, National Bureau of Standards, Boulder, 
CO 80303 303-497-5320 

Electron Device Letters 

Theory, design, and performance of electron and 
ion devices, solid-state devices, integrated elec¬ 
tronic devices, optoelectronic devices, and energy 
sources. Publication is two months from the end 
of the month in which manuscript is received. (12) 
John Brews, Dept, of Electrical and Computer 
Engineering, Room 230, Building 104, 
University of Arizona, Tucson, AZ 85721 

602-621-8734 

Electron Devices, IEEE Trans. 

The theory, design, and performance of active 
electron and ion devices, solid-state devices, inte¬ 
grated electron devices, and energy sources. (12) 
Renuka Jindal, AT&T Bell Labs, Rt. 569 Carter 
Rd., PO Box 900, Princeton, NJ 08542 

908-665-4235 

Electronic Materials, lEEEJ. 

Applications of semiconductors, magnetic alloys, 
insulators, and optical and display materials. (12) 
Theodore C. Flarman, MIT Lincoln Laboratory, 
Lexington, MA 02173 617-981-4418 

Energy Conversion, IEEE Trans. 

Research, development, design, application, con¬ 
struction, installation, and operation of electric 
power generating facilities (along with their con¬ 
ventional, nuclear, or renewable sources) for the 
safe, reliable, and economic generation of electrical 
energy for general industrial, commercial, public, 
and domestic consumption. (4) 

Harold Gold, 1037 North Primrose, Rialto, CA 
92376; 714-875-8117. For information on man¬ 


uscript submission: Nancy Heitmann, Society 
Special Services of Technical Activities Dept., 
IEEE Service Center, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331 908-562-3881 

Engineering Management, IEEE Trans. 

Management of technical functions such as re¬ 
search, development, and engineering in industry, 
government, university, and other settings. 
Emphasis is on studies carried on within an orga¬ 
nization to help in decision making or policy for¬ 
mation for RD&E. (4) 

Dundar F. Kocaoglu, Engineering Management 
Program, School of Engineering and Applied 
Science, Portland State University, Portland, OR 
97207-0751 503-725-4660 

Engineering Management Review 

A reprint of selected papers relevant to engineering 
management. (4) 

David S. Lewis, Box 18438, Irvine, CA 92713 
714-633-9660 

Engineering in Medicine and Biology Magazine 

Contains general and technical short articles on 
current technologies and methods used in 
Biomedical and Clinical Engineering. Current news 
items, book reviews, patent descriptions, and a 
correspondence section are included. (4) 

A. S. Wald, Dept, of Anesthesiology, Columbia- 

Presbyterian Medical Center, 630 W. 168th St., 
New York, NY 10032 212-305-2164 

Expert Magazine (Intelligent Systems and Their 
Applications) 

Tutorial and survey articles on the current appli¬ 
cations of intelligent systems, including databases, 
expert systems, and artificial intelligence. (6) 

B. Chandrasekaran, Ohio State University, 
Computer and Information Sciences Dept., 
Room 228, Bolz Hall, 2036 Neil Ave., Columbus, 
OH 43210-1277 

Fuzzy Systems, IEEE Trans. 

Theory and application of fuzzy systems with em¬ 
phasis on engineering systems and scientific ap¬ 
plications. (4) 

James C. Bezdek, Dept, of Computer Sci., Univ. 
West Florida, Pensacola, FL 32514 

904-474-2784 

Geoscience and Remote Sensing, IEEE Trans 

Theory, concepts, and techniques of science and 
engineering as applied to sensing the earth, 
oceans, atmosphere, and space; and the pro¬ 
cessing, interpretation, and dissemination of this 
information. (6) 

James A. Smith, Terrestrial Physics Laboratory, 
Code 920, National Aeronautics and Space 
Administration/Goddard Center, Greenbelt, MD 
20771 301-286-4950 

Image Processing, IEEE Trans. 

Signal-processing aspects of image processing, 
imaging systems, and image scanning, display, 
and printing. Includes theory, algorithms, and ar¬ 
chitectures for image coding, filtering, en¬ 
hancement, restoration, segmentation, and motion 
estimation; image formation in tomography, radar, 
sonar, geophysics, astronomy, microscopy, and 
crystallography; image scanning, digital half-toning 
and display, and color reproduction. (4) 

David C. Munson, Coordinated Science 
Laboratory, Univ. of Illinois, 1101 W. Springfield 
Ave., Urbana, IL 61801 217-333-4789 

Industrial Electronics, IEEE Trans. 

Theory and applications of industrial electronics 


and control instrumentation science and engi¬ 
neering, including microprocessor control 
systems, high-power controls, process control, 
programmable controllers, numerical and program 
control systems, flow meters, and identification 
systems. (6) 

James C. Hung, Dept, of Electrical and 
Computer Engineering, 401 Ferris Hall, 
University of Tennessee, Knoxville, TN 37996 
615-974-5420 

Industry Applications, IEEE Trans. 

The development and application of electric 
systems, apparatus, devices, and controls to the pro¬ 
cesses and equipment of industry and commerce; 
the promotion of safe, reliable, and economic in¬ 
stallations; the encouragement of energy conser¬ 
vation; the creation of voluntary engineering 
standards and recommended practices. (6) 
Edward A.E. Rich, 243 Juniper Dr., Schenectady, 
NY 12306 518-372-9572 

Information Theory, IEEE Trans. 

The fundamental nature of the communication 
process; transmission and utilization of infor¬ 
mation; coding and decoding of digital and analog 
communication transmissions; study of random 
interference and information-bearing signals; and 
the development of information-theoretic tech¬ 
niques in diverse areas, including communication 
systems, detection systems, pattern recognition, 
learning, and automata. (6) 

Richard Blahut, IBM Corp., Bodle Hill Rd., 
Owego, NY 13827 

Instrumentation and Measurement, IEEE Trans. 

Measurements and instrumentation utilizing elec¬ 
trical and electronic techniques. (6) 

Stephen A. Dyer, Kansas State University, 262 
Durland Hall, Manhattan, KS 66506 

913-532-5600 

Knowledge and Data Engineering, IEEE Trans. 

Artificial intelligence techniques, including speech, 
voice, graphics, images, and documents; 
knowledge and data engineering tools and tech¬ 
niques; parallel and distributed processing; real¬ 
time distributed processing; system architectures, 
integration, and modeling; database design, 
modeling, and management; query design, and im¬ 
plementation languages; distributed database 
control; statistical databases; algorithms for data 
and knowledge management; performance eval¬ 
uation of algorithms and systems; data communi¬ 
cations aspects; system applications and expe¬ 
rience; knowledge-based and expert systems; and 
integrity, security, and fault tolerance. (6) 
Benjamin Wah, Univ. of Illinois, C&SRL, 1308 
West Springfield Ave., Urbana, IL 61801 
217-333-3516 

Lightwave Technology, J. 

All aspects of optical guided-wave science, tec¬ 
hnology, and engineering in the areas of fiber and 
cable technologies; active and passive guided- 
wave componentry (light sources, detectors, re¬ 
peaters, switches, fiber sensors, etc.); integrated 
optics and optoelectronics; systems and subsystems; 
new applications; and unique field trials. (12) 
Donald Keck, Corning Glass Works, SP FR 29, 
Corning, NY 14831 607-974-3095 

Magnetics, IEEE Trans. 

Science and technology related to the basic 
physics of magnetism, magnetic materials, applied 
magnetics, magnetic devices, and basic and 
applied superconductivity. (6) 

William Lord, College of Engineering, 104 
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Wlarston Hall, Iowa State University, Ames, lA 
50011 515-294-3685 

Medical Imaging, IEEE Trans. 

Imaging of body organs, usually in situ, rather than 
microscopic bioiogicai entities; the associated 
equipment and techniques, such as instrumen¬ 
tation systems, transducers, computing hardware, 
and software. (4) 

Gabor Herman, Hospitai of Univ. Pennsyivania, 
Dept. Radioiogy, 3400 Spruce St., Phiiadeiphia, 
PA 19104 215-662-6780 

Micro Magazine 

Microprocessor technoiogy; computer-aided 
design; system support software, interfacing tech¬ 
niques, chip design, and fabrication; personai 
computing; controi hierarchies, architectures, ap- 
piications and draft standards for hardware, 
software, and interconnections. (6) 

Dante Dei Corso, Politecnico di Torino, Dipart, di 
Eiectr., Cso Duca degii Abruzzi, 24, Torino 
10129, Itaiia 

MicroelectromechanIcal Systems, IEEE J. 

Micromechanics, Microdynamics, Microeiec- 
tromechanicai Systems, MEMS: articies on smaii 
devices—from microns to miiiimeters; microfabri¬ 
cation techniques; microphenomena; microrobots; 
microbatteries, microbearings; and other micro¬ 
components; theoreticai, computationai, modeiing 
and controi resuits; new materiais and designs; tri¬ 
bology; microtelemanipulation; and applications 
such as biomedical engineering, optics, and 
fluidics. (4) 

William Trimmer, Belle Mead Research Inc., 58 
Riverview Terrace, Belle Mead, NJ 08502 

908-359-0012 

Microwave and Guided Wave Letters, IEEE 

Published monthly with the purpose of providing 
fast publication of original and significant contri¬ 
butions relevant to all aspects of microwave/mil- 
limeter-wave technology. Emphasis is on devices, 
components, circuits, guided-wave structures, 
systems and applications covering the frequency 
spectrum from microwave and beyond, including 
submillimeter-waves and infrared. Publication time 
will be two months from the end of the month in 
which a contribution was received, provided the 
author responds immediately to all communi¬ 
cations. Acknowledgment letters will not be sent to 
the authors. Galley proofs will be sent, but in the 
interest of fast publication, there may not be time 
to wait for their return. Errata will be published in 
the next issue if sent promptly. Lengths of the 
letters are expected to be no longer than two 
printed pages. (12) 

Tatsuo Itoh, Dept, of Elecfrical and Computer 
Engineering, University of California, 66-147 A 
Engineering IV, 405 Hilgard Ave., Los Angeles, 
CA 90024 213-206-4820 

Microwave Theory and Techniques, iEEE Trans. 

Microwave theory, techniques, and applications as 
they relate to components, devices, circuits, and 
systems involving the generation, transmission, 
and detection of microwaves. (12) 

Daniel Masse, 8 Puritan Place, East Walpole, 
MA 02302 508-660-2490 

Multimedia 

Research and advanced practice in hardware/ 
software from theory to working systems. Aspects 
of special needs of multimedia information 
compared to other electronic data, e.g. the size re¬ 
quirements of digital media, and the importance 
of time in the representation of such media. (4) 


Ramesh Jain, Dept, of ECE, Univ. of California at 
San Diego, La Jolla, CA 92093 

Network Magazine (The Magazine of Computer 
Communications) 

Network protocols and architecture; protocol 
design and validation; communications software; 
• network control, signaling, and management; 

■ network implementation (LAN, MAN, WAN); and 
micro-to-host communications. (6) 

Craig Partridge, 824 Kipling St., Palo Alto, CA 
94301 413-326-4541 

Networking lEEE/ACM Trans. 

Network architecture and design, communication 
protocols, network software, network tech¬ 
nologies, network software, network technologies, 
network services and applications, and network 
operations and management. (6) 

James Kurose, Dept. Comp. & Info Sciences, 
Univ. Massachusetts, Amherst, MA 01003 

413-545-1585 

Neural Networks, IEEE Trans. 

The theory, design, and application of neural 
networks, ranging from software to hardware. 
Emphasis will be given to artificial neural networks. 
Readers are encouraged to submit manuscripts 
that disclose significant technical achievements, 
indicate exploratory developments, or present sig¬ 
nificant applications for neural networks. This 
Transactions contains a Letters section intended 
to serve as a vehicle for rapid publication of new, 
significant, and timely research results. The Letters 
section also includes information of current in¬ 
terest, and comments and rebuttals in connection 
with published papers. (6) 

Robert Marks, Dept, of Electrical Engineering, 
University of Washington, 1131 199th St. SW, 
Suite N, Seattle, WA 98195 206-543-6990 

Nuclear Science, IEEE Trans. 

All aspects of the theory and applications of 
nuclear science and engineering, including instru¬ 
mentation for the detection and measurement of 
ionizing radiation; particle accelerators and their 
controls; nuclear medicine and its application; 
effects of radiation on materials, components, and 
systems; reactor instrumentation and controls; and 
measurement of radiation in space. (6) 

Paul Dressendorfer, Sandia National Lab¬ 
oratories, Dept. 2277, Box 5800, Albuquerque, 
NM 87185 505-844-5373 

Oceanic Engineering, IEEE J. 

Bayes procedures; buried-object detection; di¬ 
electric measurements; Doppler measurements; 
geomagnetism; sea floor; sea ice; sea mea¬ 
surements; sea surface electromagnetic scattering; 
seismology; sonar; acoustic tomography; un¬ 
derwater acoustics; and underwater radio commu¬ 
nication. (4) 

William Carey, 79 Whipporwill Dr., Old Lyme, 
CT06371 203-434-6394 

Parallel and Distributed Systems, IEEE Trans. 

Architectures—design, analysis, and implemen¬ 
tation of multiprocessor systems (including multi¬ 
processors, multicomputers, and networks); 
impact of VLSI on system design; interprocessor 
communications. Software—parallel languages 
and compilers; scheduling and task partitioning; 
databases, operating systems, and programming 
environments for multiple-processor systems. 
Algorithms and applications—models of compu¬ 
tation; analysis and design of parallel/distributed 
algorithms; application studies resulting in better 
multiple-processor systems. Other issues—per¬ 


formance measurements, evaluation, modeling 
and simulation of multiple-processor systems; 
real-time, reliability and fault-tolerance issues; and 
conversion of software from sequential to parallel 
forms. (12) 

Tse-Yun Feng, Dept, of ECE, 121 Engineering 
Easf Building, Pennsylvania State University, 
University Park, PA 16802 814-863-1469 

Parallel and Distributed Technology Magazine 

Advances in parallel and distributed computing 
technology, specifics on unique features and appli¬ 
cations. Computational models, distributed 
databases, high-speed networks, numerical algo¬ 
rithms, parallel and distributed computer archi¬ 
tectures, and supercomputing. (4) 

Michael Quinn, Oregon State Univ., Dept, of 
Computer Sci., Corvallis, OR 97331 

503-737-5572 

Pattern Analysis and Machine Intelligence, IEEE 
Trans. 

Statistical and structural pattern recognition; image 
analysis; computational models of vision; 
computer vision systems; enhancement, 
restoration, segmentation, feature extraction, 
shape and texture analysis; applications of pattern 
analysis in medicine, industry, government, and 
the arts and sciences; artificial intelligence, 
knowledge representation, logical and probabilistic 
inference, learning, speech recognition, character 
and text recognition, syntactic and semantic pro¬ 
cessing, understanding natural language, expert 
systems, and specialized architectures for such 
processing. (12) 

Anil Jain, Dept, of Computer Science, A-726 
Wells Hall, Michigan State University, East 
Lansing, Ml 48824 517-353-5150 

Personal Communications 

Technical and policy issues relating to person¬ 
alized, location-independent communications in all 
media and combination of media. Wired and 
wireless communications, focusing on the mobility 
of people, communicating devices, and personal 
services. (4) 

Hamid Ahmadi, IBM TJ Watson Research Cntr., 
PO Box 704, Yorktown Heights, NY 10598 

Photonics Technology, IEEE Letters 

Rapid publication of original research relevant to 
photonics technology. This expanding field em¬ 
phasizes laser and electro-optic technology, laser 
physics and systems, applications, and photonic/ 
lightwave components and applications. The 
journal offers short, archival publication with 
minimal delay. (12) 

Paul W. Shumate, Bellcore 20-186, 445 South 
St., Morristown, NJ 07960 201-829-4600 

Plasma Science, IEEE Trans. 

Plasma science and engineering, including: mag¬ 
netofluid dynamics and thermionics; plasma dy¬ 
namics; gaseous electronics and arc technology; 
controlled thermonuclear fusion; electron, ion, and 
plasma sources; space plasmas; high-current rela¬ 
tivistic electron beams; laser-plasma interactions; 
diagnostics; plasma chemistry and colloidal and 
solid-state plasmas. (6) 

Steven J. Gitomer, Group IT, Mail Stop B228, 
Los Alamos National Laboratory, PL Box 1663, 
Los Alamos, NM 87545 505-667-6922 

Power Delivery, IEEE Trans. 

Research, development, design, application, con¬ 
struction, the installation and operation of ap¬ 
paratus, equipment, structures, materials, and 
systems for the safe, reliable, and economic de- 
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livery and control of electric energy for general in¬ 
dustrial, commercial, public, and domestic con¬ 
sumption. (4) 

Harold Gold, 1037 North Primrose, Rialto, CA 
92376 909-875-8117 For information on manu¬ 
script submission: Nancy Heitmann, Society 
Special Services of Technical Activities Dept., 
IEEE Service Center, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331 

908-562-3881 

Power Electronics, IEEE Trans. 

Fundamental technologies used in the control and 
conversion of electric power. Topics include dc- 
to-dc converter design, direct off-line switching 
power supplies, inverters, controlled rectifiers, 
control techniques, modeling, analysis and simu¬ 
lation techniques, the application of power circuit 
components (power semiconductors, magnetics, 
capacitors), and thermal performance of electronic 
power systems. (4) 

Richard Hoft, Electrical and Computer 
Engineering Dept., University of Missouri, 223 
Electrical Engineering, Columbia, MO 65211 

314-882-3491 

Power Engineering Review 

Electric power system engineering; includes one- 
page summaries of all papers accepted for publi¬ 
cation in Energy Conversion, Power Delivery, and 
Power Systems. Also includes the Power 
Engineering Society Newsletter, selected prize 
papers, high-interest papers, and other articles of 
technical interest. (12) 

C.J. Essel, 5969 W. 76th St., Los Angeles, CA 
90045 310-645-3380 

Power Systems, IEEE Trans. 

Requirements, planning, analysis, reliability, op¬ 
eration, and economics of electrical generating, 
transmission, and distribution systems for in¬ 
dustrial, commercial, public, and domestic con¬ 
sumption. (4) 

Harold Gold, 1037 North Primrose, Rialto, CA 
92376 909-875-8117 For information on manu¬ 
script submission: Nancy Heitmann, Society 
Special Services of Technical Activities Dept., 
IEEE Service Center, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331 908-562-3881 

Professional Communication, IEEE Trans. 

The study, development. Improvement, and pro¬ 
motion of techniques for preparing, organizing for 
use, processing, editing, collecting, conserving, 
and disseminating any form of information in the 
electrical and electronics fields. (4) 

Scott Sanders, Dept, of English Language and 
Literature, University of New Mexico, Albu¬ 
querque, NM 87131 505-277-4437 

Quantum Electronics, IEEE J. 

Generation, amplification, modulation, detection, 
waveguiding, or techniques and effects that can 
affect the propagation characteristics of coherent 
electromagnetic radiation having submilllmeter and 
shorter wavelengths. (12) 

Steven R.J. Brueck, Center for High Technology 
Materials, University of New Mexico, EECE 
Bldg., Rm. 125, Albuquerque, NM 87131 505 
277-6033 

Rehabilitation Engineering, IEEE Trans. 

Rehabilitation aspects of biomedical engineering, 
including functional electrical stimulation, acoustic 
dynamics, human performance measurement and 
analysis, nerve stimulation, electromyography, 
motor control and stimulation, and hardware and 
software applications for rehabilitation engineering 


and assistive devices. (4) 

Charles J. Robinson, Univ. Sch. Health & 
Rehabilitation, 107B Pennsylvania Hall, Univ. of 
Pittsburgh, Pittsburgh, PA 15216 

412-624- 8945 

Reliability, IEEE Trans. 

Principles and practices of reliability, maintain¬ 
ability, and product liability pertaining to electrical 
and electronic equipment. (4) 

Dr. Michael Pecht, Mechanical Engineering 
Dept., University of Maryland, College Park, MD 
20742 301-405-5278 

Robotics and Automation, IEEE Trans. 

Theory and applications in robot dynamics and 
control; simulation of robots and manufacturing 
systems; robot languages; robotic vision and other 
sensory interfaces; manipulator design; robot lo¬ 
comotion; management of multirobot systems; 
geometric modeling, other computer-aided design 
techniques; robot manufacturing; motion planning, 
task planning, and expert systems in robotics and 
automation; hardware and software implemen¬ 
tation of robotic systems. (6) 

Russell H. Taylor, Manufacturing Research 
Dept., IBM T.J. Watson Res. Center, Box 704, 
Yorktown Heights, N.Y. 10598 914-784-7796 

Robotics and Automation Society Magazine 

Applied research, state-of-the-shelf solutions and 
technologies, and education. Articles targeted 
towards the practicing engineer, emphasizing 
creative solutions to real-world problems, and 
highlighting implementation details. (4) 

Michael Leahy, 1518 Saxonhill Dr., San Antonio, 
TX 78253 

Semiconductor Manufacturing, IEEE Trans. 

Process control techniques; process modeling, 
simulation, measurements, diagnostics; defect 
characterization and control; yield analysis and 
modeling; product design for manufacturability, re¬ 
liability; product transfer from development to 
manufacturing; factory design, simulation; au¬ 
tomation: models, algorithms, equipment in¬ 
terfaces, etc.; equipment design: modeling and 
simulation; production control and scheduling; op¬ 
erations management: training, incentives, pro¬ 
ductivity measures; standards: materials, 
processes; computer integration: computer-con¬ 
trolled equipment and facilities; and the application 
of Al and expert systems. (4) 

Costas Spanos, 568 Cory Hall, University of 
California, Berkeley, CA 94720 510-643-6776 

Signal Processing, IEEE Trans. 

Transmission, recording, reproduction, pro¬ 
cessing, and measurement of speech and other 
signals by digital, electronic, electrical, acoustic, 
mechanical, and optical means; the components 
and systems to accomplish these and related aims; 
and the environmental, psychological, and physio¬ 
logical factors of these technologies. (12) 
Pierce Wheeler, 435 Rt. 24, Chester, NJ 07930 
908-879-5746 

Signal Processing Letters 

Rapid dissemination of new results in signal pro¬ 
cessing world-wide. (12) 

Ahmed Tewfik, Dept, of Electr, Eng., Science 
Building, 200 Union St. SE, Univ. of Minnesota, 
Minneapolis, MN 55455 612-625-6024 

Signal Processing Magazine 

Acoustics, including digital audio, underwater 
signal processing, and electroacoustics; speech, 
including speech transmission and coding; en¬ 


hancement and noise reduction; analysis and re¬ 
construction; synthesis; recognition; 
production/synthesis; performance evaluation; 
signal processing, one-dimensional and multidi¬ 
mensional digital signal processing, including 
discrete Fourier and other transforms; nonlinear 
analysis; spectral analysis; signal and system iden¬ 
tification; filter design and applications; appli¬ 
cations to echo cancellation, aids for the handi¬ 
capped, and radar; image processing; sensor array 
processing; multidimensional processing; VLSI; 
and hardware implementations. (4) 

Gregory Wakefield, Univ. of Michigan, Dept, of 
EE&CS, Ann Arbor, Ml 48109 313-763-9857 

Software Engineering, IEEE Trans. 

Specification, development, management, test, 
maintenance, and documentation of computer 
software. (12) 

Nancy G. Leveson, Dept. Computer Science and 
Engineering, FR35, 314 Sieq Hall, Univ. of 
Washington, Seattle, WA 98195 

206-685-1934 

Software Magazine 

Tutorials and surveys on current techniques and 
new products in software design and development. 
Focuses on such topics as software tools, mea¬ 
suring program reliability, designing software 
tests, PCs as programming workstations, local¬ 
ization of bugs, and making programs readable. 

( 6 ) 

Carl K. Chang, University of Illinois, Dept. EECS, 
M/C 154, 1120 Science and Eng. Offices, 
Chicago, IL 60680 312-996-4860 

Solid-State Circuits, IEEE J. 

Analysis, design, and performance of solid-state 
circuits; transistors; diodes; bulk-effect and 
magnetic devices; digital; analog; microwave; op¬ 
toelectronic; Integrated circuits; and large-scale In¬ 
tegration. (12) 

Asad A. Abidi, EE Dept., Room 56-125B 
Engineering IV, Univ, California, Los Angeles, 
CA 90024-1594 310-825-9490 

Speech and Audio Processing, Trans. 

Speech analysis, synthesis, coding speech recog¬ 
nition, speaker recognition, language modeling, 
speech production and perception, speech en¬ 
hancement. In audio, transducers, room acoustics, 
active sound control, human audition, analy¬ 
sis/synthesis/coding of music, and consumer 
audio, (4) 

Dan Kahn, Bell Comm Res., Room 2E-268,445 
South St., Morristown, NJ 07962-1910 

201-829-4522 

Systems, Man, and Cybernetics, IEEE Trans. 

Large-scale systems, theory and applications; op¬ 
timization; decision analysis; problem definition; 
modeling; simulation; testing; evaluation; foun¬ 
dations of cybernetics; pattern recognition; 
adaptive and learning systems; and blocybernetics. 

( 6 ) 

Andrew P. Sage, School of Information 
Technology & Engineering, George Mason 
University, 4400 University Dr., Fairfax, VA 
22030 703-993-1500 

Technology and Society Magazine 

Impact of technology (as embodied by the fields of 
interest of IEEE) on society, including both positive 
and negative effects; the impact of society on the 
engineering profession, the history of the societal 
aspects of electrotechnology, and professional, 
social, and economic responsibility in the practice 
of engineering and its related technology. (4) 
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Norman Balabanian, 197 Babcock St. #2, 
Brookline, MA 02146 617-734-9830 

Ultrasonics, Ferroelectrics and Frequency 
Control, IEEE Trans. 

Acoustic holography and imaging; acousto-optic 
interactions; biological and medical applications; 
filters and resonators; industrial applications; 
nondestructive evaluation; physical acoustics; 
piezoelectric and magnetostrictive materials; sur- 
face-acoustic-wave-based systems; surface- 
acoustic-wave devices; and underwater sound. (6) 
William D. O'Brien, Bioacoustics Research Lab, 
Dept, of Electrical & Computer Engineering, 
University of Illinois, 1406 West Green St., 
Urbana,IL61801 217-333-2407 

Vehicular Technology, IEEE Trans. 

Land, airborne, and maritime mobile services; 
portable or hand-carried and citizen’s communi¬ 
cations services, when used as an adjunct to a 
vehicular system; vehicular electrotechnology, 
equipment, and systems ordinarily identified with 
the automotive industry. (4) 

Sang B. Rhee, AT&T Bell Laboratories, Room 
3B-310, Whippany Rd., Whippany, NJ 07981 
201-386-6796 

Very Largs Scale Integration (VLSI) Systems, 
IEEE Trans. 

Systems specifications, design and partitioning, 
high-performance computing and communication 
systems, neural networks, wafer-scale integra¬ 
tion, and multichip module systems and their 
applications. (4) 

Steve Kang, Coordinated Science Lab, Univ. 
Illinois, 1101 West Springfield, Urbana, IL 
61801 
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Washington, D.C.; James Bruorton, Kemet 
Electronics, Box 5928, Greenville, SC 29606; 
803-963-6621; fax, 803-963-652L 


mtd 


Custom Integrated Circuits Confer¬ 
ence—CICC ’94 (ED, SSC); May 1-4; 
Town & Country Hotel, San Diego, Calif.; 
Melissa Widerkehr, Widerkehr and Associ¬ 
ates, Suite 610,154518th St, N.W, Washing¬ 
ton, DC 20036; 202-986-2166 

Industrial & Commercial Power Sys¬ 
tems Technical Conference—I&CPS 
(lA, Orange City); May 1-5; Radisson Plaza 
Hotel, Irvine, Calif.; Farrokh Shokooh, Elec¬ 
trical Engineering Operation Tech. Inc., 
C.OA, 17870 Skypark Circle, Suite #102, 
Irvine, CA 92714; 714-476-8117. 

International Conference on Commu¬ 
nications—ICC Supercomm ’94 (COM); 
May 1-5; Ernest N. Morial Convention Cen¬ 
ter, New Orleans, La.; Eddie Sawaya, South 
Central Bell Telephone Co, 365 Canal St., 
Room- 710, New Orleans, LA 70140; 504-528- 
2673; fax, 504-528-7170. 

International Symposium on Electron¬ 
ics and the Environment (TAB); May 2-4; 
San Francisco; Conference Registrar, IEEE 
Technical Activities, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3878; fax, 908-562-157L 

Offshore Technology Conference— 
OTC ’94 (OE); May 2-5; Astrodomain Com¬ 
plex, Houston, Texas; Deborah Wheeler, Box 
833868, Richardson, TX 75083-3868; 214- 
952-9494; fax, 214-952-9435. 

Conference on Lasers & Electro-Optics 
and the International Electronics Con¬ 
ference—CLEO/IQEC (LEO); May 8-13; 
Anaheim Convention Center, Anaheim, 
Calif.; lEEE/LEOS, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331; 908-562-3893; 
fax, 908-562-157L 

International Conference on Robotics 
and Automation (RA); May 8-13; San 
Diego Princess Resort, San Diego, Calif.; 
Harry Hayman, Box 3216, Silver Spring, MD 
20918; 301-236-5621; fax, 301-236-562L 

Electro ’94 (Region 1, et al.); May 10-12; 
Hynes Convention Center, Boston; Sharon 
Schifano, Miller Freeman Inc., 13760 Noel 
Rd., Suite 500; Dallas, TX 75240; 800-527- 
0207; fax, 214-419-7915. 

Instnunentation & Measurement Tech¬ 
nology Conference—IMTC ’94 (IM); 
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May 10-12; Grand Hotel Hamamatsu, Hama¬ 
matsu, Japan; Robert Myers, Myers/Smith 
Inc., 3685 Motor Ave., Suite 240, Los Ange¬ 
les, CA 90034-5750; 310-287-1463;. 

International Conference on Computer 
Languages—ICCL ’94 (C); May 16-19; 
University Paul Sabatier, Toulouse, France; 
IEEE Computer Society, Conference De¬ 
partment, 1730 Massachusetts Ave., N.W., 
Washington, DC 20036-1992; 202-371-1013; 
fax, 202-728-0884. 

Microwave and Millimeter-Wave Mono¬ 
lithic Circuits Symposium (ED); May 
23-24; San Diego Convention Center, Cali¬ 
fornia; Richard B. Gold, Pacific Monolithics, 
245 Santa Ana Court, Sunnyvale, CA 94086- 
4512; 408-732-8000; fax, 408-732-3413. 

Intelligent Networks Workshop—IN 
’94 (COM); May 24-26; Penta Hotel, Hei¬ 
delberg, Germany; John Visser, Bell North¬ 
ern Research, Box 3511, Station C, Ottawa, 
ON, KiY 4H7, Canada; 613-763-702. 

International Microwave Symposiiun- 
MTT ’94 (MTT); May 24-26; San Diego 
Convention Center, California; Mario Maury, 
8610 Helms Ave., Cucamonga, CA 91730; 714- 
987-4715. 

International Symposium on Atomic 
Layer Epitaxy and Related Surface 
Processes (ED); May 25-27; Sendai Memo¬ 
rial Hall, Sendai, Miyagi Prefecture, Japan; A. 
Koukitu, Secretary, ALE-3, Faculty of Tech¬ 
nology, Tokyo University of Agriculture and 
Technology, Koganei, Tokyo 184, Japan; 
(81-H423) 814221, ext. 336; fax, (81-f 423) 86 
3002. 

International Symposium on Industrial 
Electronics—ISIE ’94 (IE); May 25-27; 
Catholic University of Chile, Santiago, Chile; 
Juan R. Pimentel, University of Politec. de 
Madrid, Disam, Jose Gutierrez Abascal, 2, 
28006 Madrid, Spain; (34-1-1) 5616989; fax, 
(34-i-D 564 296L 

36th Cement Industry Technical Con¬ 
ference (lA); May 29-June 2; Westin Hotel, 
Seattle, Wash.; Stephen F. Sheridan, Ash 
Grove Cement Co., 6720 S.W. Macadam Ave., 
Suite 300, Portland, OR 97219-2312; 503-293- 
2333. 

International Symposimn on Circuits 
and Systems—ISCAS ’94 (CAS); May 
30-June 2; New Connaught Rooms, London; 
Robert Spence, Imperial College of Science, 
Technology and Medicine, Department of 
Electrical Engineering, Exhibition Road, 
London SW7 2BT, England; (44-f71) 225 
8505; fax, (44-f7D 5814419. 

Microwave Conference—Mikon ’94-X 
(Poland/AES, APC, MTT); May 30-June 2; 
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Ksiaz Castle, Warsaw, Poland; Edward Sedek, 
Mikon ’94-Secretariat, Telecommunications 
Research Institute, Poligonowa 30, 00-991 
Warsaw, Poland; (48+22) 1337 85; fax, (48+22) 
1025 7L 

Euronem ’94 (AP); May 30-June 3; Palais 
Des Congres, Bordeaux, France; M.V. Dhur, 
Euronem ’94 Symposium, Centre d’Etudes 
de Gramat, 46500 Gramat, France; (33+65) 
10 5406; fax, (33+65) 10 5433. 

International Symposium on Power 
Semiconductor Devices and Integrated 
Circuits (ED); May 31-June 2; Convention 
Center, Davos, Switzerland; M. Ayman 
Shibib, AT&T Bell Labs, Box 13566, Reading, 
PA 19617-3566; 215-939-6576; fax, 215-939- 
6795. 

International Symposium on Electron, 
Ion and Photon Beams (ED); May 
31-June 3; Sheraton New Orleans Hotel, 
Louisiana; Harold Craighead, National Nano¬ 
fabrication Facility, Cornell University, 
Knight Laboratory, Ithaca, NY 14853; 607- 
255-2329; fax, 607-255-860L 

Seventh International Conference on 
Industrial and Engineering Applica¬ 
tions of Artificial Intelligence and Ex¬ 
pert Systems (C); May 31-June 3; Hyatt 
Regency Hotel, Austin, Texas; IEEE Com¬ 
puter Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, DC 
20036-1992; 202-371-1013; fax, 202-728-0884. 


JUNE 


Frequency Control Symposium (UFFC); 
June 1-3; Boston Westin Hotel, Boston; 
Michael Mirarchi or Barbara McGivney, Syn¬ 
ergistic Management Inc., 3100 Route 138, 
WaU Township, NJ 07719; 908-280-2024. 

International Workshop on Numerical 
Modeling of Processes and Devices for 
Integrated Circuits—Nupad (ED); June 
5-6; Hilton Hawaiian Village Hotel, Honolulu, 
Hawaii; Fely Barrera, Applied Electronics 
Laboratory 205, Stanford University, Stan¬ 
ford, CA 94305-4055; 415-723-1349; fax, 415- 
725-7298. 

International Symposiiun on Electrical 
Insulation (DEI, Pittsburgh Section); June 

5- 8; Sheraton Station Square Hotel, Pitts¬ 
burgh; Randy James, Oak Ridge National 
Laboratory, Building 3147, MS 6070, Box 
2008, Oak Ridge, TN 37831; 615-574-6213; 
fax, 615-574-6210. 

21st International Conference on 
Plasma Sciences—Icops (NPS); June 

6- 8; Sweeney Convention Center, Santa Fe, 
N.M.; Anthony L. Peratt, Los Alamos 
National Laboratory, Group p-15, MS D-406, 


Box 1663, Los Alamos, NM 87545; 505-667- 
1574; fax, 505-667-0401. 

Technology Symposiiun (ED); June 7-9; 
Hilton Hawaiian Village Hotel, Honolulu, 
Hawaii; James T. Clemens, AT&'T Bell Labs, 
600 Mountain Ave., Murray Hill, NJ 07974; 
908-582-2800; fax, 908-582-2793. 

Vehicular Technology Conference— 
V'TC (VT, Sweden Section, et al); June 7-10; 
Stockholm International Fairs and Congress 
Centre, Stockholm, Sweden; Thomas Siden- 
bladh, Ericsson Radio Systems AB, S-164 80 


Stockholm, Sweden; (46+8) 757 3844; fax, 
(46+8) 7512309. 

International Conference on Commu¬ 
nication Technology—ICCT ’94 (COM); 
June 8-10; Yangtze Hotel, Shanghai, China; 
Zhong Yunruo, China Academy of Posts and 
Telecommunications 40, Xueyuan Lu, Beijing 
100083, China; (861+20) 11624; fax, (861+ 20) 
15 655. 

Symposium on VLSI Circuits (SSC); June 
9-11; Hilton Hawaiian Village, Honolulu, 
Hawaii; Charles Sodini, Massachusetts Insti- 



Package around A$ 125,000 


Division of Applied Physics, Lindjield (Sydney) NSW, Australia. 

Due to the retirement of the incumbent. Dr W R Blevin, the position of Chief of the Division of 
Applied Physics, one of the leading physics/electrical engineering positions in the country, will 
become vacant in October 1994. 

The Division of Applied Physics is one of five Divisions comprising the Institute of Industrial 
Technologies, and together with the Division of Materials Science and Technology and the Division 
of Manufacturing Technology, constitutes CSIRO’s core research capability for manufacturing. Major 
research program co-ordination occurs across these three Divisions. 

The Division’s primary mission is to apply its expertise in physics, engineering and related 
sciences to the development of the technological base of Australian industry. It also establishes, 
maintains and disseminates Australia’s physical standards of measurement, including those for which 
CSIRO has statutory responsibility under the National Measurement Act I960, and functions as 
Australia’s National Measurement Laboratory. 

The Division’s total staff is around 300 and the total budget approximately A$28M. 

The successful candidate will be required to have: 

• a highly developed strategic management capacity in a multi-disciplined R&D environment 
and excellent communication skills 

• a commitment to consultative planning of research with Australia’s leading manufacturing 
companies 

• a commitment to the effective application of research results 

• an outstanding record of personal research achievement and strong leadership. 

The Division’s primary mission to develop the technological base of the Australian manufacturing 
industry, has led to a broad range of collaborative research projects with industry. These projects 
now attract funds from Australian companies, amounting to several million dollars annually. 

The Division has a responsibility to provide leadership in measurement technology and to 
maintain Australia’s position at the forefront of measurement science internationally. 

The appointee will be responsible to the Director of the Institute for the leadership and 
direction of the Division’s research, its effective commercialisation, and the overall management of 
the Division’s operations. He/she will be expected to strengthen the Division’s alliance with 
companies in the manufacturing, electrical and energy distribution sectors, with emphasis on 
industrial machinery and equipment, optical and scientific instruments and quality assurance 
technology. He/she will be expected to implement substantial R&D projects and commercialisation 
plans that have the potential to be of considerable benefit to Australia’s economy with leading firms 
in the above sectors. 

The appointment will be for five years, with the option of a further term, as mutually desired. 
Employment arrangements as either an indefinite (tenured) CSIRO employee or a contract 
appointment can be negotiated. 

The remuneration package for this position will be in the vicinity of A$ 125,000, including a salary 
component of about A$96,000. The package includes superannuation and provision of a private- 
plated motor vehicle. 

We invite expressions of interest and applications for the position and would also like to hear 
from people in the field who may wish to suggest possible candidates. Further information regarding 
the position can be obtained from; 

Dr John Yates, Manager, Human Resources and Finance, PO Box 225, 

Dickson ACT 2602, Australia. (Tel. 616 276 6510; Fax 616 276 6410). 

An application stating full personal and professional details and the names of 
at least three professional referees should be directed to: Dr Colin Adam, 

Director, Institute of Industrial Technologies, PO Box 225, Dickson 
ACT 2602AUSTRALIA. Closing date for applications is 18th February, 1994. 
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Calendar 

tute of Technology, Room 39-527B, Cam¬ 
bridge, MA 02139; 617-253-4938. 

Seventh IEEE Symposium on Com¬ 
puter-Based Medical Systems—CBMS 
’94 (C, EMB, et al.); June 10-11; Stauffer 
Hotel, Winston-Salem, N.C.; Carla Muller, 
Bowman Gray School of Medicine, Depart¬ 
ment of Radiology, Medical Center Blvd., 
Winston-Salem, NC 27157-1022; 919-716- 
6890; e-mail, Carla@relito.medeng.wfu.edu. 

International Symposium (AP); June 

19- 24; University of Washington, Seattle; 
Leung Tsang, Technical Program Chair, 
Department of Electrical Engineering, Uni¬ 
versity of Washington, FT-10, Seattle, WA 
98195; 206-685-7537; fax, 206-543-3842u. 

Device Research Conference (ED); June 

20- 22; University of Colorado, Boulder; 
Joseph C. Campbell, Microelectronics 
Research Center, University of Texas, 
Austin, TX 78712; 512-471-9669; fax, 512471- 
8576. 

Sixth Joint Magnetism and Magnetic 
Materials—Internal Conference (MAG); 
June 20-23; Albuquerque Convention Cen¬ 
ter, New Mexico; Diane Suiters, 6MT Con¬ 


ference, 65515th St., N.W, Suite 300, Wash¬ 
ington, DC 20005; 202-639-5088. 

Antennas and Propagation Society In¬ 
ternational Symposium and URSI Na¬ 
tional Radio Science Meeting (AP); June 
20-24; University of Washington, Seattle; 
Akira Ishimaru, University of Washington, 
Department of Electrical Engineering, FT- 
10, Seattle, WA 98195; 206-543-2169. 

Conference on Computer Vision and 
Pattern Recognition (C); June 20-24; 
Westin Hotel, Seattle, Wash.; IEEE Com¬ 
puter Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, DC 
20036-1992; 202-371-1013; fax, 202-728-0884. 

Power Electronics Specialist Confer¬ 
ence—PESC ’94 (PEL); June 20-24; Inter¬ 
national Convention Center, Taipei, Taiwan; 
T.C. Wang, National Tsing Hwa University, 
Department of Electrical Engineering, 855 
Kuang-Fu Rd., Sec. 4, Taipei, Taiwan 300, 
China; (886+35) 715 131, ext. 4098; fax, 
(886+35) 715 971. 

International Conference on Applica¬ 
tions of Photonic Technology Sensing, 
Signal Processing and Communica¬ 
tions—leapt (Region 7, Toronto Section); 
June 21-23; Hilton International Hotel, 


Toronto; George A. Lampropoulos, A.U.G. 
Signals Ltd., 560 Lauder Ave., Toronto, ON, 
M6E 3J6, Canada; 416-658-6353. 

International Conference on Applied 
Synergetics and Synergetic Engineer¬ 
ing (ED); June 21-23; Fraunhofer Institute 
for Integrated Circuits, Erlangen, Germany; 
Thomas Wagner, Fraunhofer Institute, De¬ 
partment of Electronic Systems, Wet- 
terkreuz 13, D-91058 Erlangen, Germany; 
(49+91) 31 776 544; fax, (49+91) 31776 599. 

13th International Conference on Con¬ 
sumer Electronics—ICCE (CE); June 

21-23; Westin Hotel O’Hare, Rosemont, Ill.; 
Diane D. Williams, Conference Coordinator, 
67 Raspberry Patch Dr., Rochester, NY 
14612-2868; 716-392-3862. 

International Conference on the 
Numerical Analysis of Semiconductor 
Devices and Integrated Circuits (ED); 
June 21-24; Daven Port Hotel, Dublin, Ire¬ 
land; Paulene McKeever, Nasecode Secre¬ 
tariat, 26 Temple Lane, Dublin 2, Ireland; 
(353+1) 679 7655; fax, (353+1) 679 2469. 

Seventh Workshop on Statistical Signal 
and Array Processing (SP); June 26-29; 
Le Chateau Frontenac, Quebec, Canada; 
Denis Gingras, National Optics Institute, 369 


American Management Association 
presents 5 ways to succeed as a 
technicai professional. 


Effective Technical Writing (#2216)—Learn the skills you 
need to communicate technical information—without compro¬ 
mising the technical message. 

Effective Presentation Skills for Technical Professionals 
(#2580)—Become comfortable with public speaking. 

Translate complex concepts into easily understood language. 

Managing Technical Professionals (#2285)—Increase pro¬ 
ductivity by understanding the differences between the techni¬ 
cal and “people” aspects of your job. 

Communication and Interpersonal Skills; A Program 
for Technical Professionals (#2576)—Develop the skills 
necessary to communicate knowledge to others and build 
productive working relationships. 

Leadership and Team Development for Technical 
Professionals (#2569)—Discover the link between 
successful task completion and sucessful work relationships. 
January-December 1994 sessions coast to coast! 


For full details, call Joan Hart at 
(212) 903-8027 or write: 

American Management Association 
135 West 50th Street, New York, NY 10020 
ATTENTION: Joan Hart 
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Build your own Neural Net! 

- and Expert System! 

EASY NEURAL NETWORKS 
Fastest way to quickly learn about 
this fascinating new technology - 
includes a working Neural Network 
you can train! $59 

EASY EXPERT SYSTEMS 
Build your own Expert System in about 
one week! Includes 40-Page Knowledge 
Engineering Manual, Quick Ref Card 
for quick start, and powerful Stock 
Market Expert System! $69 * * * * 

BOTH $99 + Includes J BIG Catalogs 
and FREE Talking Expert System Demo 
+ Order now and receive a free copy 
of talking PC Therapist - usually $64.95 
LEARN BEST BY DOING! 

Please specify disk size or we ship 3.5" 

- Check, American Express, or P.O. to: 
THINKING SOFTWARE, INC. 

46-16 65TH PLACE | amex orders []] 

WOODSIDE, N.Y. 11377 || phone (718) 803-3638 || [ 
OR FAX (718) 898-3126 
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rue Franquet, Ste-Foy, Quebec, GIF 4N8, 
Canada: 418-657-7006; fax, 418-657-7009. 

Third International Fuzzy Systems 
Conference (NN, Orlando Section); June 
26-29; Walt Disney World Dolphin Hotel, 
Lake Buena Vista, Fla.; Nomi Feldman, 
Meeting Management Inc., 5665 Oberlin Dr., 
Suite 110, San Diego, CA 92121; 619-453-6222; 
fax, 619-535-3880. 

International Symposium on Evolu¬ 
tionary Computation (NN, Orlando Sec¬ 
tion); June 26-July 2; Walt Disney World Dol¬ 
phin Hotel, Lake Buena Vista, Fla.; Nomi 
Feldman, Meeting Management Inc., 5665 
Oberlin Dr., Suite 110, San Diego, CA 92121; 
619-453-6222; fax, 619-535-3880. 

World Congress on Computational In¬ 
telligence (NN, Orlando Section); June 
26-July 2; Walt Disney World Dolphin Hotel, 
Lake Buena Vista, Fla.; Nomi Feldman, Con¬ 
ference Coordinator, Meeting Management 
Inc., 5665 Oberlin Dr., Suite 110, San Diego, 
CA 92121; 619-453-6222; fax, 619-535-3880. 

Conference on Precision Electromag¬ 
netic Measurements—CPEM ’94 GM); 
June 27-July 1; Clarion Harvest House Hotel, 
Boulder, Colo.; Gwen E. Bennett, NIST, 325 
Broadway, Boulder, CO 80303; 303-497-3295. 


International Symposium on Informa¬ 
tion Theory (IT); June 27-July 1; Techni¬ 
cal University of Trondheim, Norway; Knut 
Grythe, Delab, N7034, Trondheim NTH, 
Norway; (47+75) 926 53; fax, (47+75) 943 02. 

Power Modulator Symposium (ED); June 
28-30; Westin South Coast Plaza, Costa 
Mesa, Calif.; J. Brooks, Palisades Inst., 2011 
Crystal Dr., Suite 307, Arlington, VA 22202- 
3702; 703-486-7120; fax, 703-486-8527. 

International Conference on Neural 
Networks (NN, Orlando Section); June 
28-July 2; Walt Disney World Dolphin Hotel, 
Lake Buena Vista, Fla.; Nomi Feldman, 
Meeting Management Inc., 5665 Oberlin Dr., 
Suite 110, San Diego, CA 92121; 619-453-6222; 
fax, 619-535-3880. 

American Control Conference—ACC 
’94 (CS); June 29-July 1; Stouffer Harbor 
Place Hotel, Baltimore, Md.; Hassan Khalil, 
Department of Electrical Engineering, 
Michigan State University, East Lansing, MI 
48824; 517-355-6689; fax, 517-353-1980. 


JULY 


Fourth International Conference on 
Properties and Applications of Dielec¬ 


tric Materials—ICPADM (DEI); July 3-8; 
University of Queensland, Brisbane, Aus¬ 
tralia; Secretary ICPADM ’94, Department 
of Electrical Engineering, University of 
Queensland, St. Lucia Brisbane 4072, Aus¬ 
tralia; (61+7) 365 3984; fax, (61+7) 365 4999. 

Third International Symposium on 
Spread Spectrum Techniques and 
Applications—Isssta ’94 (COM, IT, and 
the Finland Section); July 4-6; University of 
Oulu, Oulu, Finland: Pentti Leppanen, Uni¬ 
versity of Oulu, Telecommunication Labo¬ 
ratory, Linnanmaa SI, SF-90570 Oulu, Fin¬ 
land; (358+81) 553 2838; fax, (358+81) 553 
2845. 

International Vacuum Microelectron¬ 
ics Conference (ED); July 4-7; World Trade 
Center Europole, Grenoble, France; D. 
Celier, Societe Frangaise Du Vide, 19, rue du 
Renard, 75004 Paris, France; (33+1) 42 78 
15 82; fax, (33+1) 42 78 63 20. 

Second Biennial European Joint Con¬ 
ference on Engineering Systems 
Design and Analysis (C); July 4-July 7; 
University of London, Great Britain; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washington, 
DC 20036-1992; 202-371-1013; fax, 202-728- 
0884. 


15th Anniversary Price Reductions Announced! 


A Mathematical 
Assistant for Your PC 


The DERIVE^ program 
solves both symbolic and 
numeric problems, and it 
plots beautifully too. 

• Symbolic 
math from 
algebra 
through 
calculus. 

• Plots in 
both 2-D 
&3-D. 

• Simple, 
letter-driven 
menu 
interface. 

• Solves 
equations 
exactly. 

• Under¬ 
stands vectors & matrices. 

• Split or over-lay algebra & 
plot windows. 

• Displays accepted math 
notation. 

/oft Uiorehou/ci 


System requirements 

DERIVE: MS-DOS 2.1 or later, 
512Kb RAM, and one 3.5’ 
or 5.25" disk drive. Suggested 
retail now 
$125 
(Halfoffl). 
DERIVE 
ROM card: 
Hewlett 
Packard 
95LX &100LX 
Palmtop, 
or other PC 
compatible 
ROM card 
computer. 
Suggested 
retail price 
now $125! 

NEW! DERIVE XM 

(extended Memory): PC com¬ 
patible 386 or 486 computer, 
and 2 Megabytes of memory. 
Suggested List now $250! 

Soft Warehouse, Inc. • 3660 Waialae Ave. 
Ste. 304 • Honolulu, HI, USA 96816-3236 
Ph: (808) 734-5801 • Fax: (808) 735-1105 



Research Toolkit 



mobile platforms 


Setting the standard for 
■ “ W mobile robotics worldwide. 
Transitions Research Corporation 

Shelter Rock Lane • Danbury, Connecticut 06810-8159 • USA 
Voice: +1 (203) 798-8988 • Fax: -i-l (203) 791 -1082 

email: lob@trc.com 
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PRODUCT PROFILES 


The Product Profiles advertising section provides a 
monthly, distinctive focus on both new and 
commercially established products and services 
that offer practical solutions for engineering and 
scientific professionals in today's fast-paced, 
rapidly changing high-tech environment. 

Circle the corresponding number 
on the Reader Service Card. 




Best Value in the World 


PRINTED CIRCUIT PROTOTYPES 



Analogue-digital 

ASICs: 

circuit techniques, design tools 
and applications $94.00 

R.S. Soin, F. Malaberti and J. Franca (Eds.) 

This book comprises eighteen chapters arranged 
in four sections: Processing Technology: Circuit 
Techniques and Building Blocks: Design 
Applications: and CAD Supporting Tools. 

431pp., 229 X 148mm, Casebound ISBN 0 86341 
2599,1991 Circuits and Systems Series iF 3 
Call or Write for our FREE Publications 
Catalog I iee/inspec, ieee 

Service Center 

Piscataway, NJ 08855-1331 
T Phone: (908) 562-5553 

i tj £j FAX: (908) 981 -0027 

ALL MAJOR CREDIT CARDS ACCEPTED 
Circle no. 54 



1 QQyi Pubications and 
I J JT Information 

Services Catalog 
INSPEC and the lEE combine their 
catalog— 

INSPEC Publications and Services, Abstracts 
Journals, Online Database, Tape Services, CD- 
ROM, lEEE/IEE Periodicals Ondisc |IP0)-are 
featured along with the Books, Conference 
Proceedings, Professional Journals and Distance 
Learning (Video and CBT) materials of The 
Institution of Electrical Engineers (lEE). 

Call or Write for our FREE Publications 
Catalog I iee/inspec, IEEE 

Service Center 
445 Hoes Lane, 

Piscataway, NJ 08855-1331 
T-p-p Phone:(908)562-5553 
FAX: (908) 981-0027 

ALL MAJOR CREDIT CARDS ACCEPTED 
Circle no. 55 


RS232 Direct Into 
Any PC Program 





Read Real-Time Data from Any Serial Device 
into Any Application ■ Lotus, dBASE, Excel, etc., 
Full 2-way I/O with many advanced features. 

No Hardware or Programming Required! 



Direct Digital Synthesis For 
10 Digits Of Resolution 

□ Fully Synthesized Generator 

□ Wide Frequency Range - DC to 1.6MHz 

□ Trigger, Sweep, Burst, Hop, Gate Modes 

□ Sine, Square, Triangle, Positive and 
Negative Ramps 

□ Internal Linear/Log Sweep 

□ External Trigger and Gate 

□ Optional RS-485 Communications Port 

□ MadeintheU.S.A 

GLOBAL SPECIALTIES ![ •" 

1-800-634-0762 

203-466-6103 • Fax: 203-468-0060 
70 Fulton Terrace, New Haven, CT 06512 
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Analog & (NEW RELEASE) Digital I 

Circuit Design & Simulation I 

for the Macintosh & PC with Windows 1 1 

v.3.0 NEW 
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Beige Bag Software Ph.:t313)663-4309 

Fax:(313)663-0725 • 715 Barclay Ct. Ann Arbor, MI 48105 [ 

1 
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SciTech 


SOFTWARE FOR SCIENCE 


Free Catalog! 

SciTech is your only source 
for the best values in engineering, 
scientific and technical software. 
More than 750 products. 


1.800.622.3345 


RPOWER 

Do You Remember... 

... CP/M, Microsystems magazine, DRI, the S- 
100, Cromemco, PC Jr.7 It was back in 1980 
when we began producing statistical and scien¬ 
tific packages for the microcomputer with 
IFDAS, and those products and companies were 
part of the times. 

And in the 90s, we are continuing our earlier 
efforts with RPOWER for DOS, a proven 
statistical, scientific, and engineering package 
just right for you. It’s got lots of bells and 
whistles like high-resolution graphics for histo¬ 
grams, 3-D plots and more. Plus RPOWER 
has a varied of statistical and mathematical 
functions to perfoim all sorts of reg ressio n 
analyses, ANCjVA, matrix manipulations, FFTs, 
and the humblest of simple statistics. We offer 
several powerful modules at prices you will 
like. The complete set costs $345. Ask about 
a preview of the entire package. Write or call 
for details. 

The Software Hill 
1857 Apple Tree Lane 
Mountain View, CA 94040 



Your Ad Here! 


YOUR HEADLINE 

This area may be used by advertisers 
to detail their ad message in 50 words 
or less. Just provide typed copy with 
appropriate direction for emphasis 
(bold, underscore, etc.) we’ll do the rest. 
Be sure to include repros of your 
company logo, etc. Indicate if you wish 
us to set addresses, phone #, etc. For 
rates and production information, phone 
212-705-7579. 

COMPANY NAME/LOGO HERE 

Mailing Address/Phone 
AD SIZE: 2’/4"x3" 



depth, the book will include a co 
on the compound alloy Indium G 
Phosphide, as well as chapters > 

Physical Properties • Resistivity • Car 


impound (InP) in 
rehensive chapter 


)tion and impurity Energy Levels ■ Photolumines 
nan and Reflection Spectra • Photoc—■ 

3, Deep Levels and Their Detection 

Exploitation of Inf 

ISBN 0 85296 49 
425 pages. 


DDDgp® 


PC Based T1/E1 Analysis 



• Full/Fractional T1/E1 BERT and Monitor 

• Visual Display of Waveforms 

• Record & Playback Full/Fractional Data 

• VF Measurement and Test 

• DTMF/MF Tone and Signalling Analysis 

• Call Loading Simulation 

• Monitor 8 TVs using MultiTI Card 

• Remotable Control and Screen 

• Programmer's Guide for Customization 

GL Communications, Inc. 

841-F Quince Orchard Blvd, Gaithersburg MD 20878. 

Tel:(301 )670-4784 Fax:(301 )926-8234 
Circle no. 59 
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ProtoSim” 





Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. This new version contains Bode 
and Nyquist analysis, FFT, selectable time 
bases, digital filter simulation capability, fast 
signal convolution, and more. Used by 
industry and universities for the rapid design 
and simulation of systems and components. 

Ver 1.1 Introductory Price $149 

Systems Engineering Associates Inc. 

Box 3417 RR#3 Montpelier. VT 05602 

(802) 223-6194 
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KRs’ tools & toys 


Lightweight unit comhines 
autoranging scope, DMM 

One offshoot of the spread of electronic con¬ 
trols in industry is that electricians and other 
personnel with little formal training in this 
field are having to install and service rather 
complicated electronic equipment. To help 
them make the measurements those tasks 
require, Tektronix Inc. is coming out with a 
family of smart portable instruments it calls 
TekTools, the first of which is the 1-kg Tek- 
Meter. Combining a 5-MHz oscilloscope with 
a 3y4-digit (3999-count) digital multimeter 
(DMM), the TekMeter has been designed 
specifically for easy use by nonprofessional 
personnel. 

To that end, the TekMeter in its oscillo¬ 
scope mode features both automatic setup 
and automatic ranging—that is, it not only 
sets its sweep rate and vertical attenuation 
when it first displays a signal, but continu¬ 
ally tracks the signal and adjusts its scale fac¬ 
tors whenever the signal changes signifi¬ 
cantly. The result is hands-off waveform 



time; less knowl¬ 
edgeable people 
don’t know and 
don’t care. They 
want fast answers, 
not explana¬ 
tions. 

So, to make 
sure that those 
users get their 
data quickly, even 
though the TekMe¬ 
ter has only a 5-MHz 
scope, it runs its 
front-end ana- 
log-to-digital 
converters 
at 20 mega¬ 
samples per second. 
That provides enough 
points for a waveform to 
be displayed without wait¬ 
ing for multiple signal 
cycles. 

Furthering the instrument’s 
(Continued on p. 91) 


observation by even unskilled personnel. 

Another factor of importance when deal¬ 
ing with unskilled people is response time. 


Tektronix Inc.’s TekMeter is 
both a T'/rdifflt (3999-count) 
digital multimeter and a 5- 
MHz oscilloscope. It has a liq¬ 
uid-crystal display and weighs 
just 1 kg, with batteries. 


Interestingly, sophisticated users understand 
and accept that complex measurements take 


♦ ♦ ♦ CALL FOR PAPERS ♦ ♦ « 

Wireless 94 


THE SIXTH ANNUAL INTERNATIONAL CONFERENCE 
ON 

WIRELESS COMMUNICATIONS 


Presented by 

Telecommunications Research Laboratories (TRLabs) 
Telecommunications Research Institute of Ontario (TRIO) 
National Wireless Communications Research Foundation (NWCRF) 
Communications Research Centre (CRC) 
in co-operation with 
IEEE Alberta Section 
at 

The Marlborough Inn 
Calgary, Alberta, Canada 
July 11, 12, 13, 1994 

(co-incident with the world famous Calgary Stampede) 
Technical Program Committee: 

George Squires - TRLabs - Program Chairman 

Norman Beaulieu - Queen's University 

Frank Benner - AGT Mobility 

Bob Brodersen - University of California, Berkeley 

Robert Bullitude - Communications Research Centre 

Dave Falconer - TRIO/Carleton University 

Jack Holtzman - WINLAB/Rutgers University 

Al Javed - Bell Northern Research 

Peter MacLaren - Northern Telecom 

Takis Mathlopolous - University of British Columbia 

Arnie Moore - Southwestern Bell Technology 

Abu Sesay - University of Calgary/TRLabs 

Ray Steele - Multiple Access Communications 


Papers are solicited in all areas of wireless 
research as well as market studies, trials, 
exploratory developments and standards. 

An extended abstract and brief author 
biography are to be submitted by February 
28, 1994 to the Conference Secretary. Final 
papers are to be received no later than June 
1,1994. 

NotiTication of acceptance will be sent by 
April 1, 1994. Presented papers will be 
published in Conference Proceedings. 


Conference Secretary: 

Ms. Leila Southwood 
c/o TRLabs 

280, 3553- 31 Street N.W. 
Calgary, Alberta, Canada 
T2L 2K7 

phone: (403)289-3140 
fax: (403)282-5870 
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Emplo yment o p portunities 


Organizations seeking engineers and scientists describe 
their various openings in the foiiowing advertising section 
In order to conform to the Age Discrimination in Empioy- 
ment Act and to discourage age discrimination, iEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,” “1-4 years maxi¬ 
mum experience,” “up to 5 years experience,” or “10 years 
maximum experience.” IEEE reserves the right to append 
to any advertisement, without specific notice to the ad¬ 
vertiser, “Experience ranges are suggested minimum re¬ 
quirements, not maximums.” IEEE assumes that, since 
advertisers have been notified of this policy in advance, 
they agree that any experience requirements, whether 


stated as ranges or otherwise, will be construed by the 
reader as minium requirements only. While IEEE does not 
ban the use of the term “entry level,” its use is dis¬ 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad¬ 
vertising to apprise its members of opportunities. Interest¬ 
ed parties should be aware that the political and humanis¬ 
tic values of certain advertisers may differ from their own. 
IEEE encourages employers to offer salaries that are com¬ 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


To place an advertisement in Spectrum’s Employment Opportunities section, contact the nearest Spectrum sales office 
New York Boston Chicago San Francisco Los Angeles Atlanta Dallas Denver 

212-705-7760 508-255-4014 708-446-1444 415-386-5202 310-649-3800 404-256-3800 214-553-9896 303-670-3749 

For production/mechanical information contact Theresa Fitzpatrick Advertising Production Manager, 212-705-7579 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


ECOLE POLYTECHNIQUE 
FEDERATE DE LAUSANNE 

invites applications for a position of a 
Professor in Communication 
Systems for its Department of 
Informatics 

The applicant should have recognized 
teaching and research abilities in the 
following fields: Real time systems spec¬ 
ification, Real time communication 
systems, Industrial networks. Hetero¬ 
geneous systems. 


Women are particularly welcome. 

The successful candidate will enter into 
service: Autumn 1994 or to mutual 
agreement. For further information 
concerning the position, please write to: 


Presidence de TEcole 
polytechnique federale de 
Lausanne, CE-Ecubiens, 1015 
Lausanne, Suisse. 


■ Networked Measurement 

and Control Applications 

As a diversified $1.3 billion company, Tektronix is recognized as a world leader in a 
number of high-tech product lines. Currently, Tektronix Laboratories is seeking several 
Sr. Software Design Engineers to perform research and development work on net¬ 
worked applications involving measurement, control, and computation. 

As a member of a team, you will perform simulations of a variety of SW/HW configura¬ 
tions to determine system bottlenecks/performance and develop user interfaces to a 
variety of virtual instrument nodes and distributed applications. You will also develop 
low overhead/low latency SW interfaces between a variety of HW/SW entities including 
PCs, PDAs, instruments, and programmable controllers as vv^ell as contribute to the 
development of architectures, algorithms, and software to solve highly leveraged appli¬ 
cations problems in instrumentation and communications. 

Requires a PhD in CS or EE, or equivalent, and experience with DOS. Windows, NT, C++, 
assembly language, performance analysis, and real-time systems. In addition, you must 
have familiarity with workstations and 3 years’ industrial experience including network 
application building and debugging tools, system simulators such as VHDL and Verilog, 
or graphical application building tools. 

For immediate consideration, please send your resume to: Professional Staffing, MS 
55-545, Tektronix, Inc., P.O. Box 500, Dept. SP0194-RE/GF, Beaverton, OR 97077. We 
support a drug-free work environment and all employment offers are contingent upon 
successful completion of our pre-employment drug test. Tektronix is an equal opportu¬ 
nity/affirmative action employer and encourages diversity in the workplace. 

Tektronix 
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Northwest electronics manufacturer has a 
position available for a Device Physicist The 
successful applicant will be responsible for the 
following: providing leadership for device 
physicists and electrical engineers on the 
development of a new displ^ device; serving 
as key technical contributor in the areas of 
image quality, liquid crystal physics, plasma 
physics, and electronics architectures; identify¬ 
ing and prioritizing key approaches, effectively 
matching objectives with resources, winning 
consensus among team members, sustaining 
high levels of creativily of group, and establish¬ 
ing high standards of iMrformance. Minimum 
requirements: Ph.D. in Physics (Plasma or 
Astrophysics); 1 year of related experience (as 
a Research Assistant in the field of Plasma 
Physics) (experience may have been gained in 
pursuance of doctorate); experience in design 
and development of gas discharge devices; 
knowledge of phase modulating birefringent 
optical materials; knowledge of modulation 
techniques and fourier analysis; experience 
with optical diagnostic techniques, specifically 
spectroscopic anaiysis of iow density, low tem¬ 
perature plasmas; and general electronics 
experience. (Knowiedge and experience may 
have been gained through research in pur¬ 
suance of degrees, or through professional 
experience.) Hours are 8:00 to 5:00, Monday 
through Friday. Base salary: $60,540. 
Applicants must have legal authority to perma¬ 
nently work in the United States. SEND 
RESUMES TO: Job Order #5550604, 875 
Union St. NE, Salem OR 97311. An Equal 
Opportunity Employer. 



ENGINEER YOUR FUTURE- 
THE VIP 

As a working engineer, you know the 
importance of furthering your career 
with ongoing graduate education. 

Ensure your future and stay competitive 
with the VIP. 

• Instruction deliverer! to your workplace 
live via snfelite broodcosf or on videotope 

■ University of Massachusetts resident graduate faculty 

■ Degree programs: 

M.S. in Electrical and Computer Engineering 
M.S. in Engineering Management 

■ Non-degree program 

■ Short courses 


Call or write: 

VIDEO INSTRUCTIONAL PROGRAM 

College of Engineering, Morcus Hall 
University of Massachusetts 
Box 35115 

Amherst, MA 01003-51 15 

Phone: (413) 545-0063 FAX: (413) 545-1227 

Internet e-mail address: vip@ecs.umoss.edu 

An equal opportunity/offirmative action institution 


SATCOM SYSTEMS 


QUALCOMM of San Diego, a learier in 
wireless communications, is one of 
America’s fastest-growing companies. We 
apply CDMA technology to OmniTRACS®, 
our two-way, satellite-based mobile 
communications system, and Globalstar, a 
commercial low-earth orbit (LEO) satellite- 
based communication system. 

We are seeking Satcom Systems Engineers 
to work directly with our satellite design and 
ground station engineering teams and 
support the design of OmniTRACS® and 
Globalstar systems. Requires 5-t- years of 
design and development experience in the 
following areas: satellite communication 
systems, communications waveforms and 



system theory, spread spectrum 
communication systems including Code 
Division Multiple Access (CDMA), and 
VSAT. ICnowledge of space segment 
technology and GPS terminals desirable. 
BSEE or equivalent required. MS or Ph.D. 
highly desirable. 

Please send your resume in ASCII text by 
Internet to: jobops@qualcomm.com You 
may also mail or fax your resume to: 
QUALCOMM, Human Resources Dept. 
lEE/SCE (indicate Dept, code on both cover 
letter and envelope), 6455 Lusk Blvd., San 
Diego, CA 92121, fax (619) 658-2102. 
QUALCOMM is an Equal Opportunity 
Employer. 
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WHERE 
MINDS MEET 
TECHNOLOGY. 


MITRE 

MITRE people share responsibility for delivering high- 
quality, cost-effective, technically advanced solutions for 
our nation’s evolving information system needs. 

A not-for-profit systems engineering and integration 
company. The MITRE Corporation offers objective exper¬ 
tise based on more than 30 years of experience. Working 
in the public interest, MITRE teams combine diverse ele¬ 
ments of existing and emerging technologies to bring the 
most effective and efficient systems into operation. Project 
involvement spans: initial system concepts; technical spec¬ 
ifications; prototype development; source selection; and 
system development, test, production and field installation. 
In addition, we continually review and expand our tech¬ 
nology base by sponsoring our own technology initiatives 
and providing hands-on work for sponsors. 

Whether engaged in projects with our Corporate Offices in 
Bedford, MA, or McLean, VA — or site locations world-wide 


WE INVITE YOU TO INQUIRE ABOUT OPPORTUNI¬ 
TIES IN MCLEAN. VA, OR VARIOUS SITE LOCA¬ 
TIONS BY FORWARDING YOUR RESUME TO THE 
OFFICE OF HUMAN RESOURCES. THE MITRE 
CORPORATION, 7525 COLSHIRE DRIVE. MCLEAN. 
VA 22102. FOR POSITIONS IN BEDFORD. MA. 
SEND YOUR RESUME TO THE OFFICE OF HUMAN 
RESOURCES, THE MITRE CORPORATION, 2207 
MIDDLESEX TURNPIKE, BEDFORD. MA 01730. 


—MITRE professionals help put the edge on leading technol¬ 
ogy. Our achievement-oriented environment, characterized 
by initiative, creative problem-solving, academic interaction, 
project mobility and far-reaching results, provides professionals 


MITRE’S PROJECT INVOLVEMENT INCLUDES, BUT with the opportunity to focus on what they do best. 
IS NOT LIMITED TO: 


COMMUNICATIONS ■ ENVIRONMENTAL & SAFE¬ 
TY SYSTEMS ■ RADAR SYSTEMS ■ SYSTEM 
SOFTWARE ■ COMPUTER SYSTEMS ■ SYSTEMS 
ARCHITECTURE ■ SOFTWARE TECHNOLOGY & 
ENGINEERING 

MITRE IS PROUD TO BE AN EQUAL OPPORTUNI¬ 
TY/AFFIRMATIVE ACTION EMPLOYER AND IS 
COMMITTED TO DIVERSITY IN OUR WORKFORCE. 


To successfully meet the complex technological challenges 
faced at MITRE, you must possess a BS/MS/PhD degree in 
EE, ME, CS, Math, Physics, Chemistry, Hydrogeology or 
Nuclear Engineering. U.S. citizenship is required. 







SENIOR FELLOW 


on 


166,609-186,589 

The U.S. Nuclear Regulatory Commission’s mission is to pro¬ 
tect America’s health, safety and environment in the civiiian 
use of nuclear materials. To assist us in this effort, we are 
seeking a Senior Fellow to serve a two year term on the Advisory 
Committee on Reactor Safeguards (ACRS). Senior Fellows 
assist the ACRS in assuring the safety of operating reactors, 
review new U.S. reactor designs, and assess the technical 
merit of proposed reguiatory actions and research. 

Qualified candidates will have broad knowledge and experience 
in the appiication of engineering or scientific principles used 
In the design and operation of nuciear reactor faciiities. Specific 
knowiedge of reactor technology in areas such as evolutionary 
and advanced piant designs, risk assessment, commercial 
reactor plant systems and operating procedures, applications 
of digital reactor plant systems, and thermal hydraulic analysis 
is highiy sought. 

Please submit resume or Federal application (SF-171) no later 
than Feb.15,1994 to: Ms. Kathy Schmidt, U.S. Nuciear Regulatory 
Commission, 2104-MNB, (Dept. A-94004), Washington, D.C. 
20555. An equai opportunity empioyer, M/F/D/V. U.S. citizen¬ 
ship required. 


>U.S. NUCLEAR 
j REGULATORY 
V^/ COMMISSION 


IF YOU^RE WONDERING WHO 
YOU'LL BE WORKING FOR, 
LOOK IN THE MIRROR. 

Quality work should be reflected by more than just a paycheck. 
At SAIC, your contributions are directly rewarded via our unique 
employee ownership program. If you are an engineering, scien¬ 
tific or technical professional, we offer extraordinary opportu¬ 
nities nationwide in the areas of national security, environment, 
health, energy and high technology products, including: 

► Software & Systems Engineering 

► Information Technology & Services 

► Communication Engineering 

► Medical Information Systems 

► Space Sciences Engineering 

► Advanced Simulation Technology 

► Military Products Development 

► Energy Instrumentations Control 

► Waste Management S Environmental Technology 

► Transportation Technology S Analysis 

To find out more, send us your resume with a cover letter out¬ 
lining your area of expertise, to: SAIC, Human Resources, 
10260 Campus Point Drive, Code MUEEE, MS-63, San 
Diego, CA 92121. We are an Equal Opportunity Employer. 


^ Sden^Ap^tcatkma 


DEAN OF THE COLLEGE OF ENGINEERING 
NORTH CAROLINA STATE UNIVERSITY 

North Carolina State University invites applications and nominations for 
the position of Dean of the College of Engineering. 

The Dean, as chief executive officer of the College of Engineering, pro¬ 
vides leadership for large, high-quality programs in education, research, 
and extension. The College is one of the largest in the country, with aver¬ 
age annual enrollments of approximately 6,000 undergraduates and 
1,200 graduate students. Of the 423 faculty and research staff mem¬ 
bers, 210 are tenure-track faculty members. The 10 departments offer 
17 BS, 17 MS, and 15 Ph.D degree programs. Annual research con¬ 
tracts and grants exceed $28M: total research expenditures exceed 
$38M annually. Substantial interdisciplinary research is conducted 
under the auspices of large, well-supported research centers and insti¬ 
tutes including the Center for Communications and Signal Processing, 
the Center for Transportation and the Environment, the Integrated Man¬ 
ufacturing Systems Engineering Institute, the Mars Mission Research 
Center, the NSF Engineering Research Center for Advanced Electronic 
Materials Processing, and the Precision Engineering Center. 

Candidates must have an earned doctoral degree in engineering or 
related field; distinguished performance in education, research, and ad¬ 
ministration: communication skills; ability in fund raising activities; and 
a demonstrated commitment to education, research, and extension. 
Being an Affirmative Action, Equai-Opportunity Empioyer, North Car¬ 
olina State University eageriy seeks appiications and nominations ot 
members of underrepresented groups. 

Review of applications will begin February 1,1994, and will continue 
until the position is filled. Send resume, cover letter and three refer¬ 
ences to: 

Dr. Robert Clark 
Chair, Search Committee 
North Carolina State University 
Box 8614 

Raleigh, NC 27695-8614 


Author of the widely acclaimed 
"Reflections" column in Spectrum 
magazine, Bob Lucky provides a 
humorous, nostalgic collection of 
ten years worth of his own 
reflections on typical situations 
engineers encounter during their 
careers. Spiced with 20% new 
anecdotes and personal 
experiences, LUCKY 
STRIKES...AGAIN takes good- 
natured gibes at corporate 
bureaucrats while offering some 
not-so-subtie advice on ways to 
circumvent the red tape and 
gives bureaucrats hints on when 
to look the other way. 


"You don't have to be an engineer to have 
fun. (Bob Lucky) makes me laugh again and 
again." — Bill Moyers 

"Bob Lucky has very deftly put into words the 
feelings of thousands of engineers. Lucky 
Strikes...Again treats with humar and 
compassion our daily struggles and 
triumphs ."— Don Christiansen 


To order LUCKY STRIKES...AGA1N (PC033ai-PDW) 
please phone 1-800-678-iEEE (in USA)/ 

(908) 961-0060 outside. 

IEEE members pay $26.50 .Nonmembers pay $32.95 

Circle No. 36 
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IEEE Announces its New Plan For Conference Proceedings ,,. 


The AETF1994 IEEE 
Prepaid Order Plan (POP) Plus: 


T he 130 major IEEE conferences held in 1994 (the standard POP Plan) plus about 
70 new conferences, workshops, and symposia in rapidly-emerging technologies 
also held in 1994 and previously not included in any Plan—for $13,975. POP Plus pro¬ 
vides - for the first time - ^ proceedings of IEEE-supported conferences held in 1994. 



_ Also Available.,, _ 

The 1994 IEEE 
Prepaid Order Plan 
(POP) 

About 130 major IEEE conferences 
held in 1994—for $9,995! This is 
the standard plan libraries have 
received for decades. 


Subscribers to both plans receive: 

♦ about a 40% savings off the total list 
price of the conference proceedings. 

♦ a quarterly listing of the conference 
proceedings they should have received. 

To order, or for more information contact: 

Robert S. Hohwald 
(voice) 908-562-3999 
(fax) 908-981-8062 

(e-mail) INTERNET:r.hohwald@ieee.org 

The Institute of Electrical and Electronics Engineers, Inc. 
445 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08856-1331 U.SA 
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Microelectronics ’94 

VP Marketing - Major league marketeer 
to top ten US PC OEM’s. Equity player. 

VP Engr - Analog SCF design of unique 
PCMCIA wireless modems pre-IPO spot. 

Director IC Design - std-ceii cmos 

IC design at factory site. Packageto $100K 

Director MPU Engr. - supv. 20 ee’s 

CMOS, MCU, RISC, DSP design. To $130K 
Director US 5o/e5-CMOS ICs manage 
large direct sales force. Packageto $150K 

Senior Manager ASIC- supv 12, 

std-cell custom ASIC design. Pkg. to $125K 
ASIC Design ■ Std-cell based ASIC 
design for OEM customers. Packageto $85K 
FAE - MCU bkgrd grow into Sales Engr 
EastWestCoast based. Packageto $80K 

Thomas Beck inc. 

Microelectronics Search Consultants 
P.O. Box 789 

Sausallto, CA 94966-0789 
(415)331 -1555 Fax (415)381 -1608 
100% Retained by Client Companies 


Electrical Engineers, Monterey California. 

Mission Research Corporation performs 
superior quality contract research for the gov¬ 
ernment. Most of our 300+ technical people 
hold advanced degrees. We seek exceptionally 
talented and motivated engineers, physicists, 
and programmers who thrive in a productive 
applied research environment. Opportunities 
are available for PhDs or equivalent with back¬ 
grounds in 1) Radar and Communication 
Systems Analysis, 2) EM wave propagation, 3) 
Kalman Filter Tracking of Ballistic Missiles, 4) 
Communication Signal Interception. In addi¬ 
tion, an opportunity exits for an individual with 
experience in Windows NT and X Windows GUI 
development (requires BS or higher technical 
degree). The selected applicants will be subject 
to a security investigation and must meet the 
eligibility requirements for access to classified 
information. Send resume to: Sonja Holland, 
Mission Research Corporation, 2300 Garden 
Road, Suite 2, Monterey, CA 93940-5326. 

MRC is an EEO/AA Employer. 


Washington watch 

(Continued from p. 14JT) 

media “data superhighway” network. 

On pensions, the lEEE-USA has provided 
$200 000 to help craft a pension reform bill, 
which Representative George E. Brown Jr. 
(D-Calif.), chairman of the House Science, 
Space, and Technology Committee, is intro¬ 
ducing in the House of Representatives. (Last 
year, the Senate failed to act on it.) 

The IEEE group has also focused on U.S. 
patent law, which, EEE-USA’s David M. Ost- 
feld told the U.S. Patent and Trademark 
Office in October, should be changed to coin¬ 
cide with that of most other nations. The 
“first-to-invent” system should be supplanted 
by a “first-to-file” one, he said, which should 
make U.S. inventors more aggressive in 
global markets. More information is available 
from lEEE-USA at 202-785-0017. 


Savings in eiectric motor controi 

All kinds of cooperative agreements are 
afoot these days. One neglected by the pop¬ 
ular media involves the U.S. Department of 
Energy (DOE) and some 40 users and sup¬ 
pliers of electric motor and drive systems. 

This is an industry-driven efficiency effort 
that, by the year 2000, could save atout $2 
billion of the $30 billion spent annually in 
the United States on electricity for motors, 
according to DOE Secretary Hazel O’Leary. 
The electricity generated to drive the 
motors also is responsible for 8 percent of 
total U.S. carbon emissions. Taxpayers will 
spend $6 million on the effort in 1994 and 
1995. Industry may spend at least $15 million. 
For more information, contact DOE’s Paul 
Scheihing at 202-586-7234. 


Messages to Biii 

Now is your chance to affect the quality of 
advice reaching the President. Sending e- 
mail to the White House is possible from a 
variety of services, including even from a 
new exhibit at The Computer Museum, 
Boston. From America On-Line, the address 
is “Clinton PZ”; on CompuServe, it is 
75300,3115; on GEnie, it is “WHITEHOUSE”; 
on M(i:i Mail, it is “White House” or MCI ID 
589-5485; on ZiffNet, it is “Go ZNTiEXEC.” 

On Internet, the White House can be 
reached through the Information Age mon¬ 
iker: ‘Tresident@Whitehouse.gov”. Most of 
the services also have White House informa¬ 
tion sections if you really want to read daily 
transcripts of the Administration’s media 
announcements and press briefings. 

Paper is still popular, though. Each day, 
the White House gets some 6000 letters 
written the old fashioned way—on paper— 
compared to about 1000 digital ones. 


John A. Adam Washington Editor 



Fora fflff IEEE Membership Information Kit 


City State/Country Postal Code 

Mail To: IEEE CUSTOMER SERVICE CENTER 

The Institute of Electrical and Electronics Engineers, Inc. 
445 Hoes Lane, P.O. Box 459 
^ Piscataway, N.J. 08855*0459, USA 
1 (908) 981*1393 on (800) 678-IEEE • Fax: 1 (908)981-9667 
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The IRIDIUM™*” system. 
Offering opportunity 
miles above the rest. 


The technological and professional challenges are unprecedented. 

As "no barriers" communications are being created, today, at 
Motorola Satellite Communications. 

The IRIDIUM ™'®" system is a global, personal communications sys¬ 
tem combining sophisticated satellite and cellular technology. And 
Motorola in Phoenix, AZ is the place where it's happening, as we offer 
key positions for those with an appropriate technical degree and mini¬ 
mum 7 years related experience. Master's degree is highly desired. 
Senior S/W Test Engineers — We seek Software Systems Engineers 
with extensive experience in l&T of very large incremental build soft¬ 
ware systems. Requires experience in developmental testing of net¬ 
worked computers, as well as a background in C/C-h-i-, UnixAfRTX, 
SA/SD and OOA/OOD. 

Communications Engineers (Vocoder) — Assess risk elements of 
vocoder development, procurement and testing, and recommend risk 
mitigation plans. Requires working knowledge of vocoders and for¬ 
ward error correction coding. 

Antenna Systems Engineers — Provide analyses, and develop/apply 
analytical and simulation tools. Requires demonstrated experience in 
design/development of complex phased array antennas including 
principles, practices and technology limits. 

Protocol Engineers — Develop set of self-consistent protocols for the 
IRIDIUM ™'®“ network. Experience with SS7 and ISUP, ISDN, GSM, 
IS-41, ATM/SONET, X.25 and call-processing required. 

Paging Systems Engineers — Define functional, performance and in¬ 
terface requirements for paging subsystem. Requires knowledge of 
paging system architectures, services, equipment, protocols and soft¬ 
ware, as well as ERMES standards and Telocator. 

Network Performance Engineers — Perform analysis and perfor¬ 
mance modelling of IRIDIUM network, with emphasis on linear/ 
dynamic programming, queuing theory and constrained optimiza¬ 
tion. Requires knowledge of GSM, call-processing systems, and NP- 
complete problem attacks. 

Gateway Applications Engineers — Provide technical interface to the 
IRIDIUM ™^“ Gateway investors. Requires experience primarily in tele¬ 
communications engineering with 2 years marketing technical support, 
a background with Intelligent Network/Wireless products and famil¬ 
iarity with GSM digital cellular. 

Network Software Architects — Define overall S/W development strat¬ 
egies for the IRIDIUM network, as well as unified API across sys¬ 
tem components and other networks. Knowledge of GSM, 
call-processing, OOA/OOD/OOP and OSI required. 

With year-round recreational activities, beautiful scenery and low hous¬ 
ing costs, you'll also find our Phoenix location a dream come true. To 
find out all we have to offer, including our excellent compensation and 
benefits, get in touch with us soon. 

Please mail your resume with salary history to: Professional Recruit¬ 
ment, Motorola Satellite Communications, Dept. B1301,8201 E. 
McDowell Rd., Scottsdale, AZ 85252. An Affirmative Action Employer. 
Minorities, Women and Disabled Persons are strongly encouraged to 
apply. Principals only, please. 

IRIDIUM is a trademark/servicemark of Iridium, Inc. 



MOTOROLA 

Satellite Communications 


Yesterday’s dream. Today’s reality. 




Faculity Positions 
Division of 
Engineering 
Technology 

WAYNE STATE UNIVERSITY 

The Division of Engineering Technoiogy of the Coii^e 
of Engineering, Wayne State University, is accepting 
appiications tor a facuity position in the foiiowing 



Employment Opportunities 

Ansoft, a leading software developer of analysis tools for 
electrical engineers is expanding its engineering staff and is 
looking for several individuals with expertise in the follow¬ 
ing areas: 


area: 

Elecirical/Electronic Engineering Technoiogy. 

Duties: Teaching courses in controls anr) riigital eiec- 
tronics areas inciuding power, robotics, industriai con¬ 
trols. Minimum quaiifications: Master’s degree in eiec- 
trical, eiectronics, controis, or computer engineering 
reiated discipiine, Ph.D. preferred. 


Position requires at ieast three years of recent and reie- 
vent industriai experience, an interest in teaching, readi¬ 
ness to deveiop iaboratories and curricuium, dedication 
to schoiariy activity, and wiiiingness to advise/recruit 
students and to perform committee service. 

Appiy to Dr. M.S. Rathod, Division ot Engineering 
Technoiogy, Wayne State University, Detroit, Mi 48202. 
Teiephone: (313) 577-0800, Fax: (313) 577-1781. 


Wayne Stale University 

Wayne State University is an equal oppodunity/atfirma- 
tive action empioyer, and welcomes women and minori¬ 
ty participation. 


• Electromagnetics 

• FEM, and other Numerical Methods 

• Electromechanical and Electronics applications 

• C/C-H-F, Unix, MS-Windows, Databases 

• Circuit Simulation, Schematic Capture, Layout 

• Mesh Generation, Solid Modeling (NURBS) 

• Extensive use of EDA and CAD software 

Positions are open in R&D, Product Development, and 
Application Engineering. 

Please send your resume to: 

Ansoft Corporation 
Four Station Square, Suite 660 
Pittsburgh, PA 15219-1119 
Attention: Personnel 




KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 
DHAHRAN 31261, SAUDI ARABIA 

PROFESSORIAL RANKS 


APPLICATIONS ARE INVITED FOR FACULTY POSITIONS IN THE FOLLOWING DEPARTMENTS AT KING FAHD UNIVERSITY OF 
PETROLEUM & MINERALS, DHAHRAN, SAUDI ARABIA FOR THE ACADEMIC YEAR 1994-95, STARTING SEPTEMBER 1,1994: 
SYSTEMS ENGINEERING COMPUTER ENGINEERING 


APPLICANTS ARE REQUIRED TO HAVE A 
PH.D. DEGREE WITH A STRONG COMMIT¬ 
MENT TO RESEARCH AND TEACHING IN: 

• MANUFACTURING TECHNOLOGY 

• QUALITY CONTROL 

• INSTRUMENTATION AND CONTROL 


APPLICANTS MUST HOLD A PH.D. DEGREE IN COMPUTER ENGINEERING 
OR RELATED AREAS. PREFERENCE WILL BE GIVEN TO EXPERIENCED 
APPLICANTS AT THE ASSOCIATE AND FULL PROFESSORIAL RANKS. 
INDIVIDUALS WITH DEMONSTRATED RESEARCH RECORDS AND TEACH¬ 
ING EXPERIENCE IN VARIOUS AREAS OF COMPUTER ENGINEERING WILL 
BE CONSIDERED WITH PARTICULAR EMPHASIS ON THE FOLLOWING 
AREAS: FAULT TOLERANT COMPUTING, COMPUTER NETWORKS AND 
DATA COMMUNICATIONS, PARALLEL PROCESSING, VLSI, COMPUTER 
SYSTEM PERFORMANCE EVALUATION AND MODELING. 


Teaching and research in the department are supported by 3 VAX 11 -780 systems, a fully equipped graphics center, a number of 
DEC 3100, VAX 3100, SUN and NEXT workstations as well as PC-lab with various personal computers (486, 386, Macs) as well as 
University Data Processing Center with an IBM 3090 and AMDAHL 5850 mainframe computers. Research and teaching iaboratories 
in the departments inciude: Design Automation iab. Microprocessor iab, Digital system design iab, printed circuit design iab, data 
acquisition iab. Robotics lab, and a Computer Communication Networks lab. 


ELECTRICAL ENGINEERING 


APPLICANTS MUST HOLD A PH.D. DEGREE IN ELECTRICAL ENGINEERING OR RELATED AREAS. INDIVIDUALS WITH 
DEMONSTRATED RESEARCH RECORDS AND TEACHING EXPERIENCE WILL BE CONSIDERED. PREFERABLE AREAS: 
ELECTRONICS AND DIGITAL ELECTRONICS, MICROPROCESSORS, COMMUNICATION SYSTEMS, COMPUTERS, POWER 
SYSTEMS, AND ELECTRICAL MACHINES. 


KFUPM offers attractive saiaries, benefits that include free furnished air-conditioned accommodation on campus, yeariy repatriation 
tickets, two months paid vacation and two-years renewable contract. Interested applicants are requested to send their Curriculum 
Vitae with supporting documents not iater than one month from the date of this publication, to: 


DEAN OF FACULTY & PERSONNEL AFFAIRS 

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS, DEPT NO. 9447 
DHAHRAN 31261, SAUDI ARABIA 


90H 


IEEE SPECTRUM JANUARY 1994 














As a leading name in the home and building con¬ 
trol industry, Honeywell's innovative approaches 
are respected by our competition and praised by 
our customers. Today, we seek two professionals 
to join our Advanced Systems and Architecture 
Division in suburban Chicago. 

MANAGER OF 
COMMUNICATIONS SYSTEMS 

Develop strategic plans for communication sys¬ 
tems in our control system products worldwide. 
This includes defining and managing communica¬ 
tion standards and interfaces to ensure interoper¬ 
ability and consistency between products, and 
facilitating engineering developments in world¬ 
wide centers. 

Along with an MSEE or MSCS, we require a mini¬ 
mum 10 years of design experience as a lead engi¬ 
neer, a strong working knowledge of communica¬ 
tion systems, LANs, arid communication protocols 
including for real time embedded systems. 
Knowledge of Standard Protocols including IEEE 
802.x, ISO Standards, Fieldbus and MMS, and 
performance analysis and simulation techniques 
essential. 

LEAD METHODOLOGY 
ENGINEER 

Lead location methodology activities associated 
with product planning, development and imple¬ 
mentation with emphasis on software. You will 
also initiate and develop necessary software engi¬ 
neering tools and techniques to improve the pro¬ 
ductivity of the development process. 

We require a BSCS or BSEE, Master's preferred, 
with a strong software background to include a 
minimum of 10 years design and development 
experience and working knowledge of SA/SD 
especially for real time embedded systems. A 
knowledge of existing methodologies, DOD 
2167A, IEEE Standards, SEI Maturity Model, and 
1S09000/3 is essential. Knowledge of object ori¬ 
ented and reusability methods and techniques are 
preferred. 

Hone)well offers a highly competitive salary, top 
benefits and an outstanding professional environ¬ 
ment. Please send a resume including salary histo¬ 
ry to: Human Resources, Honeywell Inc., 1500 W. 
Dundee Rd., Arlington Heights, IL 60004. Equal 
Opportunity Employer. M/F/D/V. 

Honeywell 



RESEARCH & DEVELOPMENT 
ENGINEERS 

Digital Video 

In the world of consumer electronics, Thomson is 
setting new standards in innovation and appiied 
product technoiogy. Our RCA, GE and ProScan 
brand consumer eiectronics products iead the 
market in sales, technical innovation and quality. 
Our Digital Satellite System, the first commercial 
application of MPEG-2, is on target for introduc¬ 
tion in early 1994. As a member of the “Grand 
Alliance” for development of the U.S. HDTV broad¬ 
cast standard, and a leader in digital video tech¬ 
nology, we have committed our technical 
resources to the exploration of exciting new appli¬ 
cations in interactive digital communications, 
broadcast, satellite and cable markets. As our 
growth continues, we have immediate openings 
for engineering professionals to join us in opening 
our new Indianapolis Headquarters and Technical 
Center. 


Software Engineers 


Requires experience in writing ‘C software for 
embedded systems. Familiarity with software and 
hardware debugging tools and structured design 
methodologies is preferred. A BS (or MS) in 
Electrical/Electronic Engineering, Computer 
Science or Computer Engineering is required. 


Digital Hardware Design Engineers 


Requires experience designing with discrete logic, 
FPGAs and/or ASICs, proven ability to take a pro¬ 
ject from concept through design, implementation 
and testing. Must be familiar with common devel¬ 
opment and simulation tools. Experience with HDL 
and designing video compression circuitry is pre¬ 
ferred. A BS (or MS) in Electrical Engineering is 
required. 


Multimedia Engineers 


Requires experience in integrating PC or digital 
telephony with digital video, and ability to take 
projects from concept through implementation. 
Experience in multimedia computing preferred. A 
BS (or MS) in Electrical Engineering or Computer 
Engineering is required. 

Thomson offers excellent salaries and benefits, 
including 401 (k) and support for continuing educa¬ 
tion, plus exceptional opportunity for professional 
growth with a global leader in digital electronics 
technology. Please send your resume, in confi¬ 
dence, to Professional Relations — R&D, M.S. 27- 
134E, Thomson Consumer Electronics, P.O. Box 
1976, Indianapolis, IN 46206-1976, or send it to us 
by fax at (317) 231-4052. As an equal opportunity 
employer we value and encourage workforce 
diversity at all levels, taking full advantage of the 
rich backgrounds and abilities of all employees. 


O THOMSON 
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Dean, Engineering & 
Computer Science 
California State University 
Sacramento 

CSUS invites applications and 
nominations for Dean, School of 
Engineering and Computer Science. 
The anticipated starting date is 
August 1, 1994. Salary and bene¬ 
fits are competitive. 

The Dean is responsible for the 
curricular, fiscal, and personnel 
management of the School, includ¬ 
ing support of faculty scholarship 
and service activities, external fund 
development, and long-range plan¬ 
ning. 

Applicants must have an earned 
doctorate or equivalent terminal 
degree and be eligible for a senior 
faculty appointment within the 
School, demonstrated administra¬ 
tive experience in engineering or 
computer science, successful fiscal 
resource management experiences, 
including raising external funds, 
and strong interpersonal skills, in¬ 
cluding interaction with diverse 
groups and populations. 

Nominations accepted until January 
21, 1994. Review of applications 
will begin on January 28, 1994. 
Applications should include a cover 
letter, current vitae, names, ad¬ 
dresses, and telephone numbers of 
three references. The search will 
remain open until an appointment 
is made. 

All materials should be sent to: 

Office of Faculty and Staff 
Affairs, 

Box ECS 6, 

CSU, SACRAMENTO 
6000 J Street, Sacramento, CA 
95819-6032 
AA/EEO 



KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 
DHAHRAN 31261, SAUDI ARABIA 

DEPARTMENT OF COMPUTER ENGINEERING 


THE COMPUTER ENGINEERING DEPARTMENT SEEKS APPLICATIONS FOR 
FACULTY POSITIONS. APPLICANTS MUST HOLD A PH.D. DEGREE IN COM¬ 
PUTER ENGINEERING OR RELATED AREAS. PREFERENCE WILL BE GIVEN TO 
EXPERIENCED APPLICANTS AT THE ASSOCIATE AND FULL PROFESSORIAL 
RANKS. INDIVIDUALS WITH DEMONSTRATED RESEARCH RECORDS AND 
TEACHING EXPERIENCE IN VARIOUS AREAS OF COMPUTER ENGINEERING 
WILL BE CONSIDERED WITH PARTICULAR EMPHASIS ON THE FOLLOWING 
AREAS: FAULT TOLERANT COMPUTING, COMPUTER NETWORKS AND DATA 
COMMUNICATIONS, PARALLEL PROCESSING, VLSLCOMPUTER SYSTEM 
PERFORMANCE EVALUATION AND MODELING. 

TEACHING AND RESEARCH AT THE DEPARTMENT IS SUPPORTED BY 3 
VAX 11-780 SYSTEMS, A FULLY EOUIPPED GRAPHICS CENTER, A NUMBER OF 
DEC 3100, VAX 3100, SUN AND NEXT WORKSTATIONS AS WELL AS A PC-LAB 
WITH VARIOUS PERSONAL COMPUTERS (486, 386,MACS) AS WELL AS A 
UNIVERSITY DATA PROCESSING CENTER WITH AN IBM 3090 AND AMDAHL 
5850 MAINFRAME COMPUTERS. RESEARCH AND TEACHING LABORATORIES 
IN THE DEPARTMENT INCLUDE: DESIGN AUTOMATION LAB, MICROPROCES¬ 
SOR LAB, DIGITAL SYSTEM DESIGN LAB, PRINTED CIRCUIT DESIGN LAB, 

DATA ACQUISITION LAB, ROBOTICS LAB, AND A COMPUTER COMMUNICA¬ 
TION NETWORKS LAB. 

KFUPM offers attractive salaries, benefits that Include free furnished alr-condi- 
tloned accommodation on campus, yearly repatriation tickets, two months paid 
vacation and two- years renewable contract. Interested applicants are requested to 
send their Curriculum Vitae with supporting documents not later than one month from 
the date of this publication, to: 

DEAN OF FACULTY & PERSONNEL AFFAIRS 

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 

DEPT NO. 9432 

DHAHRAN 31261, SAUDI ARABIA 


Memphis StateUniversity 

DEAN, HEREF COLLEGE OF ENGINEERING 

Memphis State University invites applications and nominations for the position of Dean of the 
Herff College of Engineering. Candidates must hold an earned doctorate in an engineering disciplim 
and have a record of teaching, research, and service commensurate with appointment at the full pro¬ 
fessor level. Engineering registration is preferred. Candidates should have appropriate admini.strative 
experience and demonstrated leadership skills in an academic environment as well as a record of 
attracting significant external support. The Dean will represent the college within the university 
environment and to the engineering profession, and will interact with local/regional government, 
industry and the Memphis community. A commitment to fund-raising to support the college mission 
is a necessity. Personal qualifications should include strong decision-making skills, management/ 
budgeting expertise, the ability to work with and motivate people, and a commitment to quality. 

Memphis State University is one of two public comprehensive doctoral granting institutions in 
Tennessee. Through its nine colleges and schools, the University enrolls approximately 20,000 stu¬ 
dents, of which 4,400 are in graduate programs. 

The Herff College of Engineering offers ABET accredited Baccalaureate programs in Civil, Elec¬ 
trical, and Mechanical Engineering, and Engineering Technology with Masters degree programs in 
Biomedical, Civil, Electrical, Mechanical, and Industrial Systems Engineering and Engineering Tech¬ 
nology, and a Ph.D. program with specialization in Biomedical, Civil, Electrical, and Mechanical 
Engineering. Over 1300 undergraduate and 250 graduate students are enrolled in the college. Annual 
research expenditures have been increasing significantly and in 1992-93 awards totaled $2.3 million. 
The Dean reports directly to the Provost and provides leadership to 60 faculty. 

Memphis State University is strongly committed to diversity; women and minority candidates ar 
encouraged to apply. Review of nominations and applications will begin Febmary 1, 1994, and will 
continue until the position is filled. Application materials should include a statement of interest, full 
curriculum vitae, and names of three references, including addresses and telephone numbers. All 
materials should be sent to: , • r- . • . ,. .-.u • 

Dr. Martin E. Lipmski, Chair 
Search Committee, Dean of Herff College of Engineering 
Office of President 
313 Administration Building 
Memphis State University 
Memphis, Tennessee 38152 

V An Equal Opportunity/Affirmative Action University 
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Tools & toys 

(Continued from p. 90) 

appeal to those unfamiliar with oscilloscopes, 
the TekMeter is designed always to power 
up as a DMM. If a user wants a scope, he or 
she presses a single button, and the large liq¬ 
uid-crystal display becomes a scope face. 

Because of its all-digital architecture, the 
TekMeter can do a great deal of processing 
of the signals it acquires. The two-channel 
version, for example, can calculate and dis¬ 
play instantaneous power; compute power 
transformer harmonic derating factors; and 
automatically detect and capture power-line 
disturbances. Future TekTools—say, for the 
automotive or telecommunications fields— 
will be based on the TekMeter, and will dif¬ 
fer only in their firmware. For low-volume 
applications, Tektronbc may sell development 
kits with which third-party suppliers could 
design testers for niche markets. 

The TekMeter comes in three versions: 
the single-channel 550, the dual-channel 560, 
and the dual-channel 565 with backlighting 
and date stamping. Prices are US $859, $999, 
and $1259, respectively. Contact: Tektronix 
Inc., Box 1520, Pittsfield, MA 01202; 800- 
426-2200; or circle 100. 


SOFTWARE 


Data anaivsis, visualization far < $100 

0-Matrix is a 32-bit object-oriented analysis 
and visualization package for performing 
numerical analyses on IBM-type personal 
computers. It is a matrix-based tool with over 
100 built-in features, including algebraic and 
trigonometric functions, Fourier and inverse 
Fourier transforms, and Bessel functions. It 
also offers QR factorization, singular value 
decomposition, Runge-Kutta and Fade dif¬ 
ferential equation solvers, Cholesky factor¬ 
ization, and many more functions. 

The package, from Harmonic Software, 
uses extended memory, which allows matri¬ 
ces and programs of up to 32 MB. But per¬ 
haps its most noteworthy aspect is its 
price—^just $95, including documentation 
and unlimited technical support. At a mini¬ 
mum, 0-Matrix requires a computer with a 
386 microprocessor, MS-DOS ^3,1 MB of 
RAM, and 3 MB of free disk space. Contact; 
Harmonic Software, 12223 Dayton Ave. N, 
Seattle, WA 98133; 206-367-8742; Internet, 
harmonic@world.std.com; or circle 101. 


Working on more than one computer 

The trouble with having two or more com¬ 
puters—say, one at home and another at the 
office—is in keeping them coordinated. Ide¬ 
ally, you want them to be identical, to have 
the same directory structure and files, so 
each acts as if it’s your only computer. But 
after a session on one, how can you conve¬ 
niently and easily update the other? 


The answer is with Frisbee, a connectivity 
package from Polyhedron Software Ltd. 
With Frisbee, you simply type throw at the 
end of a session on one machine, and the pro¬ 
gram figures out which files and directories 
have been created, changed, or deleted. Then 
it copies those changes into a compressed 
archive on one or more diskettes. 

Type CATCH at the second machine, and 
Frisbee reproduces all the changes, allow¬ 
ing you to continue your work on the sec¬ 
ond computer as though you were still at the 
first. The program works with any IBM-type 
PC, even old 8088 machines, and takes up 


about half a megabyte of disk space. 

It sells for UK £40, plus shipping. Until 
Jan. 31,1994, it is also being offered for US 
$69.99, including shipping to North Amer¬ 
ica but not local taxes. Contact: Polyhedron 
Software Ltd., Linden House, 93 High St, 
Standlake, Witney 0X8 7RH, United King¬ 
dom; (44+865) 300579; fax, (44+865) 
300232; CompuServe, 100013,461; or circle 
102 . 


COORDINATOR:MichaelJ. Riezenman 
CONSULTANT:PaulA.T. Wolfgang, Boeing 
Defense & Space Group 


WHO SAYS 
FLOWCHARTS 
ARE 
HARD? 



GET 

FL0WCHARnNG"3 

If team members drag their feet when it 
comes to creating flowcharts, you need 
Flow Charting 3. Its straightforward, no- 
nonsense approach makes it easy to 
learn, yet powerful to use. 

A must in today's competitive world, flow¬ 
charts are essential to documenting, 
steamlining, and improving processes 
and procedures. Flow Charting 3 iets you: 

■ Chart fast with "Hot-Keys" or mouse 

■ Put shapes, lines and text anywhere 
you want them 

■ Create unlimited custom shapes 

■ Print boardroom perfect charts on dot 
matrix and laser printers 

■ Access context-sensitve, on-line help 

■ Use on a LAN— share files, set up 
work groups, access usage reports 

■ Import and export between other 
popular programs 

And Flow Charting 3 is backed with 
unparaiieled post-buy support inciuding 
free uniimited technical support, free sub¬ 
scription to "The Fiow Charter'^'^", access 
to valuabie fiowcharting resources, and a 
fuii 90-day, no-risk guarantee. 

See your dealer today, or for a full 
interactive demo disk, call now: 

800-525-0082 Ext. 173 

PAITON'^PArTON 


Excellence In charting the flow of Ideas! 

85 Cochrane Circle, Morgan Hill, CA 95037-9932 408-778-6557 Fax: 408-778-9972 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


The following listings of interest to iEEE mennbers have 
been piaced by educationai, government, and industrial 
organizations as weii as by individuals seeking posi¬ 
tions. To respond, apply in writing to the address given 
or to the box number iisted in care of Spectrum Maga¬ 
zine, Ciassified Empioyment Opportunities Department, 
345 E. 47th St., New York, N.Y. 10017. 

ADVERTISING RATES 

Positions open— $40.00 per iine, not agency- 
commissionable. 

Positions wanted— $40.00 per line, a 50% dis¬ 
count tor iEEE members who supply their member¬ 
ship numbers with advertising copy. 

Ail classified advertising copy must be received by 
the 25th of the month, two months preceding the date 
of issue. No telephone orders accepted. For further 
information call 212-705-7578. 

IEEE encourages employers to otter salaries that are 
competitive, but occasionally a salary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


Acatfem/c Positions Open 


Brigham Young University. Computer Science 
Department, Assistant Professor. Applications 
are invited for an Assistant Professor position 
beginning September, 1994. Applicant must 
have a PhD and should have strong research ori¬ 
entation and scholarly ability. Current areas of 
research in our PhD and MS programs include 
User Interfaces, Neural Networks, MultiMedia, 
Communications/Networking, Software Engi¬ 
neering, Robotics, and Computer Vision. The 
Computer Science Department is housed in a 
new 54,000 square foot facility with well 
equipped teaching and research laboratories. 
Applicants should send a curriculum vita to E. 
Daniel Johnson, 3362 TMCB, Brigham Young 
University, Provo, Utah 84602. BYU is an 
EEO/AA employer and is sponsored by the 
Church of Jesus Christ of Latter Day Saints. 


Princeton University: The Department of Elec¬ 
trical Engineering invites applications for a full 
time, tenure-track, junior or senior faculty posi¬ 
tion. The areas of particular interest are Com¬ 
puter Architecture, Parallel Processing, and 
other closely related disciplines in Computer 
Engineering. Please send a complete resume, a 
description of research and teaching interests 
and names of three references to Professor Stu¬ 
art Schwartz, Chairman, Dept, of EE, Princeton 
University, Princeton, NJ 08544. Affirmative 
Action/Equal Opportunity Employer. 


University of iliinois at Chicago. The Depart¬ 
ment of EESC invites applications for tenure- 
track faculty positions at both junior and senior 
levels. Applications for instructorships are also 
invited. A PH.D. in electrical engineering, com¬ 
puter science, or equivalent is required by date of 
appointment (except for instructorships). Candi¬ 
dates should have outstanding research and 
teaching potential. UlC is one offour Research-1 
Universities in the state of Illinois. The EESC 
Department has 50 faculty members and about 
500 graduate students in EE and CS. Send a 
resume and the names of at least three refer¬ 
ences by March 31, 1994 to Dr. Roger Conant, 
Search committee Chair, Department of EECS 
(M/C 154), The University of Illinois at Chicago, 
1120 Science & Engineering, 851 South Morgan 
Street, Chicago, Illinois 606T7-7053. The Univer¬ 
sity of Illinois at Chicago is an Affirmative 
Action/Equal Opportunity Employer. 


San Jose State University, Electrical Engineer¬ 
ing Department. Applications are invited for a 


tenure-track faculty position. Assistant Professor 
applicants are particularly encouraged to apply. 
The position is available in microelectronic 
VLSI/ULSI circuit design, semiconductor devices 
and technologies. Earned doctorate in Electrical 
Engineering is required. The position is limited to 
U.S. citizens or permanent residents. Research, 
consulting and summer employment opportuni¬ 
ties are available. The University is the oldest 
and one of the largest in the California State Uni¬ 
versity System. It is located at the southern end 
of San Francisco Bay in the heart of Silicon Val¬ 
ley. Resume and names and addresses of three 
references should be submitted to Dr. Ray R. 
Chen, Chair, Department of Electrical Engineer¬ 
ing, San Jose State University, San Jose, CA 
95192-0084. San Jose State University is an 
equal opportunity/affirmative action/Tltle IX 
employer. Women and minorities are especially 
encouraged to apply. 


University of South Carolina. NCR Endowed 
Chair in Computer Engineering. The University of 
South Carolina Department of Electrical and Corn- 


architecture, software systems oi 


r. Applicants rr__. _ 

- in computer 

The selected individual wilT be expcted to work 
closely with the department's faculty and NCR (an 
AT&T Company). The relationship between NCR 
and the department is strong, with NCR support¬ 
ing several research efforts. The ECE Department 
is housed in the $24 million Swearingen Engi¬ 
neering Center. The B.S., M.E., M.S., and Ph.D. 
degrees are offered by the department. Interested 
individuals should submit a resume, a publication 
bibliography, names of five references, and three 
selected publications by March 1, 1994 to: NCR 
Chair Search Committee, Department of Electrical 
and Computer Engineering, University of South 
Carolina, Columbia, SC 29208. The University of 
South Carolina is an equal opportunity and affir¬ 
mative action employer. 

The Department of Electrical Engineering and 

Computer Engineering of the Tjniversity of 
Southwestern Louisiana seeks candidates for 
faculty positions in Communications, Systems, 
Information Theory, Communications Networks, 
and Signal Processing. Applicants must show 
promise for high quality research in view of the 
increasing emphasis on research at U.S.L. The 
Department offers B.S., M.S., and Ph.D. degrees 
and is affiliated with the Center for Advanced 
Computer Studies. Total annual research fund¬ 
ing is $800,000. Substantial funding for research 
is available through the Louisiana Education 
Quality Support Fund. A special focus program 
on Telecommunications is offered. This program 
has a strong relationship with industry. USL has 
the highest percentage of African American stu¬ 
dents (18%), and strives to achieve diversity 
among its students and faculty, within a progres¬ 
sive environment. Women and minorities are 
especially encouraged to apply. Send CV to: D. 
Kazakos, Head of EECE Department, P.O. Box 
43890, USL, Lafayette, LA 70504-3890. Tel: 
(318) 231-6568. E-mail: kazakos@usl.edu. 


Electrical Engineering: University of North Car¬ 
olina at Charlotte. Apfjlications are invited for a 
tenure-track position at the Assistant or Associ¬ 
ate Professor level in any research discipline of 
Communications and Signal Processing to begin 
in Fall of 1994. Candidates at the rank of Assis¬ 
tant Professor should have a high potential for 
both teaching and research. Candidates for 
Associate Professor should have both a strong 
research record and dedication to educational 
programs. UNC-Charlotte is one of the largest 
institutions of the UNC systems, with approxi¬ 
mately 16,000 students in six colleges. The pro¬ 
gram IS fully accredited with 20 faculty members 
and offers B.S., M.S., and Ph.D. degrees. The 
research and teaching facilities include 200 net¬ 
worked workstations, and free access to a Cray 
YMP Supercomputer. Applicants must have a 
Ph.D. degree or equivalent. Rank and salary are 
commensurate with experience. Applications will 
be accepted until the position is filled. Applicants 
should send a cover letter, resume, and a list of 


four references to: Prof. V.P. Lukic, Chairman, 
Search Committee, Electrical Engineering De¬ 
partment, UNC-Charlotte, Charlotte, NC 28223. 
UNC-Charlotte is an AA/EOE. 


Tufts University seeks three faculty members to 
join the Electrical Engineering and Computer 
Science Department which was recently formed 
by the merger of Electrical Engineering and 
Computer Science. The Department invites ap¬ 
plications for one tenure track position of Full 
Professor and two tenure track positions of 
Assistant Professor, duties to begin September 
1, 1994. All candidates must have a Ph.D. in 
Computer Science, Computer Engineering, or a 
closely related field. Preference will be given to 
candidates who can strengthen its research 


...e position of Full Professor must show excep¬ 
tional scholarship and have a proven record of 
attracting sustained research funding. This per¬ 
son is expected to provide leadership in research 
and graduate education. For ah appointment as 
Assistant Professor, an applicant must have a 
documented potential for research, and an inter¬ 
est in teaching students at all levels. A normal 
teaching load at Tufts is 4 courses a year. Tufts 
is an affirmative action, equal opportunity em¬ 
ployer. Resumes should be sent to Denis W. Fer- 
mental, Electrical Engineering & Computer Sci¬ 
ence, 161 College Ave., Mecfford, MA 02155 by 
March 1,1994. 


Rice University Department of Electrical and 
Computer Engineering invites applications for a 
tenure-track faculty position in the broad area of 
telecommunication and communication net¬ 
works, to begin in August 1994. Applicants must 
have a doctorate in Electrical Engineering, or a 
closely related field. Rice University is a small pri¬ 
vate university with a strong commitment to 
excellence in both research and teaching. The 
ECE Department has extensive computing and 
laboratory facilities. The Department of Electrical 
and Computer Engineering has close ties and 
active collaboration with the Department of Com¬ 
puter Science and the Department of Computa¬ 
tional and Applied Mathematics. Applicants 
should submit their resume, a summary of their 
research accomplishments, and the names of at 
least three references to the Chairman of the 
Department of Electrical and Computer Engi¬ 
neering, Rice University, P.O. Box 1892, Hous¬ 
ton, TX 77251-1892. Rice University is an equal 
opportunity/affirmative action employer. 

Iowa State University. The Department of Elec¬ 
trical Engineering and Computer Engineering 
invites applications for several tenure-track fac¬ 
ulty positions. Applicants at all ranks will be con¬ 
sidered. Starting dates are negotiable with pref¬ 
erence given for Fall 1994. Primary needs are for 
specialization in the areas of anafog VLSI, com¬ 
munications, signal processing, computer net¬ 
works, distributed computing, real-time systems, 
and microelectronics. Responsibilities include 
teaching, research, and outreach. Salary and 
rank are commensurate with qualifications and 
experience. Requirements include a doctorate 
degree with a demonstrated potential for suc¬ 
cess in research and teaching. Applicants should 
send a resume with a statement of teaching, 
research, and outreach interests, as well as a list 
of three (3) references to: Chair, Faculty Search 
Committee, Department of Electrical Engineer¬ 
ing and Computer Engineering, Iowa State Uni¬ 
versity, Ames, Iowa 50011. Inten/iews will com¬ 
mence after February 1, 1994. Iowa State Uni¬ 
versity is an Equal Opportunity/Affirmative Action 
Employer. 

The University of Cincinnati Electrical and 
Computer Engineering Department. Applications 
are solicited for tenure track Assistant/Associate 
Professor faculty positions in the Department of 
Electrical and Computer Engineering starting 
January/September, 1994. Applicants in the foE 
lowing areas are of special interest: (1) Com¬ 
puter System Design, including programming 
languages, compiler design, networks, software 


92 


IEEE SPECTRUM JANUARY 1994 











engineering, parallel and distributed computing, 
operating systems, databases, architecture, 
computation theory, and VLSI ^sterns design, 
test, verification, and VLSI CAD tool develop¬ 
ment; (2) Intelligent Systems and Informatics, 
including computer vision, artificial neural net- 
work-based systems, manufacturing and dis¬ 
crete-event systems, automatic factory control, 
intelligent control systems, and micro-electro¬ 
mechanical systems, including micro-sensors, 
micro-machining, and integrated circuit design 
for smart sensing; (3) Microwave and millimeter 
wave devices, circuits, and systems, and pho¬ 
tonic and optoelectronic devices, circuits and 
systems. The Department offers MS/Ph.D. pro¬ 
grams in electrical engineering, computer engi¬ 
neering, and computing sciences as well as an 
ABET fully-accredited undergraduate program in 
Electrical and Computer Engineering. The 
Department has 30 full-time faculty, 200 full-time 
graduate students, 400 undergraduate students 


networked computing facilities. The University is 
supportive of the Department in providing an 
environment conducive to the establishment of 
an academic and professional career. All candi¬ 
dates should have an earned Ph.D. in Electrical 
Engineering, Computer Engineering or Com¬ 
puter Science. Please send curriculum vitae and 
the names of three references to: Prof. Vik J. 
Kapoor, Head, Electrical and Computer Engi¬ 
neering Department, Mail Location 30, University 
of Cincinnati, Cincinnati, Ohio 45221-0030 (e- 
mail vkapoor@uceng.uc.edu). The University of 
Cincinnati is an Affirmative Action/Equal Oppor¬ 
tunity employer and encourages and welcomes 
applications from women ana minorities. 

Electrical Engineering: Two tenure-track posi¬ 
tions at Cedarville College. An accredited under¬ 
graduate Baptist College of the arts, sciences, 
and professional programs of 2,300 students, 
combining a balanced liberal arts focus with a 
fundamental theological position in doctrine and 
lifestyle with which our faculty, who must be 
Christians, must agree. Each primarily teaching 
Communications Theory with courses in two of 
the following: (1) electromagnetics, modulation, 
and propagation; (2) information theory; (3) digi¬ 
tal systems. Each also will supervise senior 
design projects. Positions available Winter or 
Spring Quarter 1994. Rank and salary commen¬ 
surate with degrees and experience. Send letter 
of application and resume to Dr. Duane R. Wood, 
Academic Vice President, Cedarville College, 
P.O. Box 601, Cedarville, Ohio 45314, Cedarville 
College Is an equal opportunity employer. 

Thomas J. Watson School of Engineering & 

Applied Science. The Department of Electrical 
Engineering of the State University of New York 
at Binghamton invites applications for two 
tenure-track faculty positions at the Assistant 
Professor level In the areas of: Computer Engi¬ 
neering (Systems Integration/Archltecturesjand 
Power Electronics. A Ph.D. in Electrical Engi¬ 
neering or a closely related field Is required. Suc¬ 
cessful applicants will be expected to teach 
appropriate undergraduate and graduate 
courses, develop active research programs In 
conjunction with other faculty in the area, and 
supervise MS and Ph.D. research. The Depart¬ 
ment is an active partner in the Integrated Elec¬ 
tronics Engineering Center, an NSF supported 
state/industry/university research center and 
New York State Center for Advanced Technol¬ 
ogy, focused on electronics packaging research. 
Applications, including a full resume, copies of 
recent publications, and the names of three ref¬ 
erences (with telephone numbers) should be 
sent to: Dr. James Morris, Chairman, Depart¬ 
ment of Electrical Engineering, Watson School, 
Binghamton University, Binghamton, NY 13902- 
6000. Fax [607) 777-4000. An equal opportunity 
employer. The State University of New York at 
Binghamton is strongly committed to affirmative 
action. Recruitment is conducted without regard 
to race, color, sex, religion, age, disability, mari¬ 
tal status, sexual orientation or national origin. 


Harvard University. We invite applications from 
candidates at all levels for a faculty position In 
Electrical Engineering. Individuals with interests 
in the areas of electronics or communications/ 
computer engineering are sought. Candidates 
should have an interest in design and fabrication 


at the device or systems level and have a Ph.D. 
in Electrical Engineering, Computer Engineering, 
or a related discipline. Responsibilities include 
teaching in the AB., S.B., and Ph.D. programs 
and having a strong research commitment. 
Applicants should submit a curriculum vitae and 
the names, addresses and telephone numbers 
of three references to the EE/CS Search Com¬ 
mittee, Pierce Hall 217, Harvard University, 29 
Oxford Street, Cambridge, MA 02138. Applica¬ 
tions should be received by February 28, 1994. 
Harvard is an Equal Opportunity/Affirmative 
Action employer and encourages applications 
from women and members of minority groups. 


Mississippi State University invites applica¬ 
tions for tenure-track faculty positions in the 
Department of Electrical & Computer Engineer¬ 
ing. Applicants should have a strong background 
in one of the following areas: (1) computer archi¬ 
tecture, (2) computer system design, (3) high- 
performance digital electronics, (4) digitaf signal 
processing, (5) analog electronics, (6)^ optoelec¬ 
tronics, or (7) computational electromagnetics 
(experience in finite-difference time-domain 
methods required). One area of particular inter¬ 
est is signal processing applications in Ocean 
Acoustics. Several of these positions are in con¬ 
junction with the MSU/NSF Engineering Re¬ 
search Center for Computational Field Simula¬ 
tion which is one of the nation's 18 NSF Engi¬ 
neering Research Centers. A Ph.D. and a strong 
interest in graduate and undergraduate teaching 
are required. Individuals will be expected to de¬ 
monstrate ability to conduct sponsored research 
in one of the above areas. Salary and rank com¬ 
mensurate with qualifications. A more detailed 
description of each position can be obtained by 
writing to the address shown below or sending e- 
mail to position@ee.msstate.edu. /^plications 
will be accepted through February 15, 1994, or 
until positions are filled. Send resume and list of 
three references to Dr. G.M. Molen, Department 
of Electrical and Computer Engineering, P.O. 
Drawer EE, Mississippi State, MS 39762. MSU is 
an affirmative action, equal opportunity employer. 


Faculty Positions, Massachusetts Institute of 
Technology. The Department of Electrical Engi¬ 
neering and Computer Science seeks candi¬ 
dates for faculty positions starting in September 
1994. We anticipate openings for several junior 
faculty appointments for individuals who are 
completing, or who have recently completed, a 
doctorate. Faculty duties include teaching at both 
the graduate and undergraduate levels, re¬ 
search, and supervision of theses. We are inter¬ 
ested in candidates in most areas of electrical 
engineering and computer science. All candi¬ 
dates should write to the address below, describ¬ 
ing their professional interests and goals. Each 
application should include a curriculum vitae and 
the names and addresses of three or more refer¬ 
ences. Additional material describing the appli¬ 
cant's work, such as papers or technical reports, 
would also be helpful. All candidates should Indi¬ 
cate citizenship and, in the case of non-US citi¬ 
zens, describe their visa status. Please respond 
by February 18, 1994. Send all applications to: 
Prof. F.C. Flennie, Room 38-435, Massachusetts 
Institute of Technology, Cambridge, MA 02139. 
M.l.T. is an equal opportunity/afrirmative action 
employer. 


Electrical Engineering Faculty Positions, 

Penn State. Applications are invited for tenure- 
track faculty positions in the Department of Elec¬ 
trical Engineering at The Pennsylvania State 
University. Candidates should have a Ph.D. in 
Electrical Engineering or related discipline, the 
ability to establish a strong research program, 
and the desire to teach at both the undergradu¬ 
ate and graduate levels. Although candidates in 
all areas will be considered, the top priority is for 
a person at the full professor level in applied 
communications, with emphasis in one or more 
of the following areas: video signal transmission 
and reception, fiber optics communication, 
microwave communication, and active/passive 
remote sensing. Candidates at the assistant pro¬ 
fessor level will be considered in all areas. The 
Department of Electrical Engineering at Penn 
State currently has over 45 faculty, 600 junior 
and senior level students, and 200 graduate stu¬ 
dents. Funded research is being conducted in 
many areas, including: Electromagnetics, Space 
Science, Electro-optics, Signal Processing, Digi¬ 
tal Systems, Power, Electronic Materials and 


Processing, Communications, and Control. 
Please send resumes and cover letters, with 
names, addresses and phone numbers of at 
least three references, to: Personnel Committee, 
Department of Electrical Engineering, Box IEEE, 
129 EE East, The Pennsylvania State University, 
University Park, PA 16802. Applications re¬ 
ceived by January 31, 1994, will be assured of 
consideration; however, applications will be con¬ 
sidered until the positions are filled. An Affirma¬ 
tive Action/Equal Opportunity Employer. Women 
and minorities encouraged to apply. 

University of South Fiorida Department of 
Electrical Engineering invites applications for a 
tenure-track assistant or associate professor 
position beginning fall 1994. Earned PhD in Elec¬ 
trical Endneering or closely related discipline 
required. Experience and interest in one or sev¬ 
eral of the following areas is important: Micro- 
wave/mm-wave semiconductor devices, EM cir¬ 
cuit analysis. Quasi-optics, Optical/microwave 
sub-systems. Microwave systems. Industrial ex¬ 
perience and a record of initiating and obtaining 
support for research projects and/or instructional 
advances preferred. Demonstrated ability to 
teach state-of-the-art courses and pursue re¬ 
search both as individual investigator and as 
team member on larger programs desired. Appli¬ 
cations, resume and a minimum of three refer¬ 
ences should be mailed to Secretary, Faculty 
Search Committee, Department of Electrical 
Engineering, USF, Tampa, FL 33620 by Febru¬ 
ary 28, 1994. Phone: (813) 974-2369. The Uni¬ 
versity of South Florida is an Equal Opportu¬ 
nity/Affirmative Action Employer. 

University of South Florida Department of 


,...ja of Electrical Power Sys¬ 

tems beginning fall 1994. Earned PhD in Electri¬ 
cal Engineering or closely related discipline 
required. Experience and interest in control and 
conversion of electric power, power delivery and 
energy management is desirable. Applications, 
resume and a minimum of three references 
should be mailed to Secretary, Faculty Search 
Committee, Department of Electrical Engineer¬ 
ing, USF, Tampa, FL 33620 by February 28, 
1994. Phone: (813) 974-2369. The University, of 
South Florida is an Equal Opportunity/Affirmative 
Action Employer. 

Graduate Fellowships and Research Associ¬ 
ates. Fellowships and Associateships are avail¬ 
able for M.S. or Ph.D. students in Electrical Engi¬ 
neering. Fellowships provide a nine-month 
stipend of $15,000 for Ph.D. students and 
$12,000 for M.S. students plus tuition waiver. 
The stipend for Research Associates is $8,000 
for nine months plus tuition waiver, and requires 
research duties under the direction of a faculty 
member, /toplicants must be U.S. citizens and 
posses a B.S.E.E. or M.S.E.E. from an engi¬ 
neering department that has a basic or advanced 
program that is ABET accredited. Minimum 
undergraduate GPA's are 3.5/4.0 for a Fellow¬ 
ship and 3.1/4.0 for Associateships. For consid¬ 
eration, send a brief resume and transcripts 
before March 1, 1994 to: Dr. Jeffrey Giesey, 
Dept, of Electrical and Computer Engineering, 
335 Stocker Center, Ohio University, Athens, OH 
45701-2979. 


_ - - - - - - „ Wright State 

University. Wright State University invites nomi¬ 
nations and applications for the position: Chair of 
the Department of Computer Science & Engi¬ 
neering. The Department resides in the College 
of Engineering and Computer Science, and 
offers BS, MS, and PhD programs in both Com¬ 
puter Science and Computer Engineering Can¬ 
didates are expected to have an earned PhD in 
computer science, computer engineering, or a 
closely related field, and have a distinguished 
record in computing that demonstrates strong 
leadership in both research and teaching. The 
Computer Science & Engineering Department is 
one of four departments in the College of Engi¬ 
neering and Computer Science. The Department 
currently has 21 faculty members, 380 under¬ 
graduate majors, and 130 graduate students. It is 
housed in a new, attractive, engineering building 
with a fully networked Unix environment and 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


database, parallel processing, programming lan¬ 
guages and compilers, robotics, and software 
engineering. Wright State University, an institu¬ 
tion of 17,000 students, is located on a spacious 
campus with a significant area of protected green 
space, in a rapidly growing high-tech suburban 
community, and is surrounded by commercial 
and government research and development 
facilities. A significant portion of the Department 

G raduate students come from these facilities. 

he University is proactively committed to indus¬ 
trial and government partnerships for research 
and developmenf ventures. A variety of afford¬ 
able, pleasant living environments, attractive to 
professionals and their families, are located con¬ 
venient to the campus. Applications should 
include a vitae, a brief statement of research and 
teaching interests, copies of three publications 
representing the candidate's strongest contribu¬ 
tions, names of three references who are send¬ 
ing recommendations directly to the Search 
Committee, and any additional important sup¬ 
porting information. The salary is competitive. 
Address applications and supporting information 
to: Chair, Search Committee, Department of 
Computer Science & Endneering, Wright State 
University, Dayton, OH 45435. Consideration of 
candidates will begin February 1,1994 and con¬ 
tinue on the first of each montn until July 1,1994 
or until the position is filled. Wright State Univer¬ 
sity is an equal opportunity/affirmative action 
employer. 

Faculty Positions in Computer Science-GMI 

Engineering & Management Institute invites 
applications for tenure-track positions in Com¬ 
puter Science. These positions are at the Assis¬ 
tant or Associate Professor level, dependent 
upon the qualifications and experience of the 
candidate. GMI operates on a five-year fully 
cooperative plan of undergraduate education, 
offering Bachelor degrees in Applied Mathemat¬ 
ics, Electrical Engineering, Industrial Engineer¬ 
ing, Management, Manufacturing Systems Engi¬ 
neering, and Mechanical Engineering. GMI is 
now seeking to offer a degree in Computer Sci¬ 
ence which will take advantage of our coop pro¬ 
gram and applied focus. The minimum qualifica¬ 
tions for these positions include an earned Ph.D. 
in Computer Science, experience in and commit¬ 
ment to undergraduate teaching, and effective 
communication skills in the English language. 
Experience in industry or in curriculum develop¬ 
ment is highly desirable. Preference will be given 
to candidates with expertise in the "—■" 


__-- expected to partici¬ 
pate in curriculum development, teach a variety 
of courses, continue their research and profes¬ 
sional development, interact with colleagues in a 
multidisciplinary environment, advise students, 
and participate in service activities. To apply, 
send resume and names, addresses, and phone 
numbers of three references to: Dr. Jo Smith, 
Computer Science Search Committee Chair, 
Science and Mathematics Department, GMI 
Engineering & Management Institute, 1700 W. 
Third Avenue, Flint, Michigan 48504-4898. 
Review of applicants will commence immedi¬ 
ately. To ensure full consideration, applications 
must be received by February 15, 1994. The 
appointments will commence July 1, 1994. GMI 
is an equal opportunity employer; minorities and 
women are encouraged to apply. Candidates 
must have proof of legal authority to work in the 
U.S. GMI is a smoke-free facility. 

Santa Clara University, Assistant Professor 

position in Electrical Engineering. The Depart¬ 
ment of Electrical Engineering seeks applicants 
for a tenure track position in electrical circuits 
and/or networks. Candidates must have a PhD in 
Electrical Engineering with a research back¬ 
ground in electrical circuits and/or networks or a 
closely related area. Santa Clara University 
located in Silicon Valley, near San Jose and 
about 50 miles south of San Francisco. It is a 
comprehensive university with a particular 
emphasis on excellence in teaching at the under- 

g raduate level. The Electrical Engineering 
'^artment also takes part in a large part-time 
MS program and has a modest PhD program. 
The department has 14 full-time faculty mem¬ 


bers and some 50 part-time instructors in the 
graduate program. The successful candidate will 
be involved in teaching of electric circuits 
courses at the undergraduate level, teaching and 
supervision of lecturers in specialty areas at the 
graduate level, and will be expected to carry on 
research in the area of circuits and/or networks 
r a closely related area. Santa Clara is an equal 


spirit, particularly - _ _ 

women, persons of color, and members of other 
historically underrepresented U.S. ethnic 
groups. Candidates should send a curriculum 
vita and at least three references to Prof. R.B. 
Yarbrough, Faculty Search Committee, Electri¬ 
cal Engineerino, Santa Clara University, Santa 
Clara, CA 95053. To be considered, applications 
must be received by March 1,1994. 

Stevens Institute of Technology, Department 
of Electrical Engineering and Computer Science. 
The Department of Electrical Engineering and 
Computer Science (EECS) at Stevens Institute 
of Technology invites applications for tenure- 
track faculty positions at all levels. Applicants 
should have a Ph.D. in Electrical Engineering, 
Computer Engineering or Computer Science 
and should show evidence of exceptional re¬ 
search and teaching promise. Senior level candi¬ 
dates should have a record of disfinguished 
research and teaching. The EECS Deparfment is 
currently seeking applicants in telecommunica¬ 
tions: high speed multimedia networking (ATM 
and broadband ISDN), network management, 
wireless communications and multimedia appli¬ 
cations. Applicants are also sought in computer 


, _ _ . , Jersey on the 

_bank of the Hudson river directly across 

from Manhattan, NY. Stevens has recently es¬ 
tablished an Advanced Telecommunications In¬ 
stitute (ATI), a national center for ^plied re¬ 
search in telecommunications. The EECS De¬ 
partment offers Bachelor's (programs are ac¬ 
credited by ABET and CSAB), Master's, En¬ 
gineer's and Ph.D. degrees. Send your vita, with 
the names of four references, to: Prof. D.R. 
Vaman, Chairman, Facuify Search Committee, 
Department of Electrical E^ngineering and Com¬ 
puter Science, Stevens Institute of Technology, 
Casfle Point on the Hudson, Hoboken, NJ 07030 
(dvaman@vaxc.stevens-tech.edu). Stevens is an 
Affirmative Action/Equal Opportunity employer. 

Industrial and Management Systems Engi¬ 
neering. Assistant/Associate tenure-track faculty 
position for '94-95 /VY. The individual will be 
expected to teach and do research in traditional 
and non-traditional manufacturing processes and 
systems. This person will support the CIM labora¬ 
tory and the Collie thrust tor microelectronics 
manufacturing. CJualifications required: An 
earned doctorate in Industrial or Manufacturing 
Engineering. At least one or more of the following 
skiffs/interests: research interests in modeling 
and integrating manufacturing environments, 
training in state of the art processes, knowledge 
of manufacturing processes that deal with 
advanced materials, and familiarity with research 
in aspects of agile manufacturing. Desired quali¬ 
fications: Special emphasis in electronics manu¬ 
facturing. Application deadline: February 15, 
1994 or 15th of each month until the position is 
filled. Application procedure: Applicants must 
send a letter of application, resume, and the 
names/addresses of three references to Dr. Ger¬ 
ald T. Mackulak, Chair, Faculty Search Commit¬ 
tee, Department of l&MSE, Collrae of Engineer¬ 
ing & Applied Sciences, Arizona State University, 
Tempe, AZ 85287-5906. AA/EOE. 

Yaie University, Electrical Engineering. The 

Department of Electrical Engineering invites 
applications for two faculty positions at the Assis¬ 
tant or Term Associate Professorial level in the 
following areas: (1) Microelectronics/Photonics, 
including emerging electronic materials, novel 
electronic devices, and advanced semiconduc¬ 
tor device technology; (2) Signals/Communica¬ 


tions/Systems, including telecommunications, 
interactive graphics, imaging science, signal 
analysis & synthesis, and intelligent systems, 
with preference given to those research activities 
which overlap some aspects of computer engi¬ 
neering; and (3) Computer Engineering, with 
preference given to those research activities 
closely connected with signal processing, com¬ 
munications, imaging science or intelligent sys¬ 
tems. Applicants should have a Ph.D. in Electri¬ 
cal Engineering, Computer Science, Applied 
Physics, or closely related field, and should 
exhibit outstanding research accomplishments 
and a commitment to teaching. Close collabora¬ 
tion with the existing research groups in the 
aforementioned areas and interaction with the 
adjacent Department of Computer Science are 
expected. Preferred candidates are U.S. citizens 
or have a permanent resident visa. Women and 
members of minority groups are especially 
encouraged to apply. Please send curriculum 
vita, including names, addresses, telephone 
numbers, ancTemaii addresses (if available) of at 
least three references, to Professor T.P. Ma, 
Chair, Department of Electrical Engineering, 
Yale University, 15 Prospect Street, New Haven, 
CT 06520-8284. Applications are accepted up to 
March 15,1994. Yale University is an affirmative 
action, equal opportunity employer. 


_ for senior positions. Candidates should 

have strong commitments to and outstanding 
achievements in research and teaching. Appli¬ 
cants' research areas should articulate with the 
National Information Enterprise, broadly con¬ 
strued to include such disciplines as: cable, fiber 
and wireless communication and computer net¬ 
works; processing, compression, recognition, 
interpretation, security, distribution, retrieval and 
display of data, speech, image, video and multi- 
spectral signals; machine vision, machine learn¬ 
ing, and architectures for parallel and distributed 
algorithms; human-machine interfaces with 
emphasis on handicapped access; broadband 
switching and high performance computing in 
support of such applications as interactive TV 
and HDTV, teleconferencing and telemedicine. 
Interested persons should submit a letter of 
application, professional resume, and the names 
of at least four references to: Director, School of 
Eleotrical Engineering, Phillips Hall, Cornell Uni¬ 
versity, Ithaca, NY 14853-5401. Cornell Univer¬ 
sity is an Affirmative Action/Equal Opportunity 
Employer. 

Rutgers University. The Departmerit of Electri- 


position 


if design and digital/analog elec- 


pofential for distinguished performance in teach¬ 
ing and research is required. The successful can¬ 
didate's duties will include teaching at the under¬ 
graduate and graduate levels, laboratory devel¬ 
opment, and establishment of scholarly activities 
in the area of specialization. CAD development, 
1C testing tools, 1C cleanroom fabrication facilities 
and comprehensive computing facilities currently 
exist within the department. A resume and the 
names of four references should be sent to Prof. 
B. Lalevic, Chair, Electrical and Computer Engi¬ 
neering, Rutgers University, PO Box 909, Piscat- 
away, NJ 08855-0909. Rutgers is an equal op¬ 
portunity, affirmative action employer. 


The School has 4 departments, 70 full-time fac¬ 


ing and Computer Science ar__ 

sees School programs and resources. With fac¬ 
ulty maintains and improves instruction and 
research. Seeks external support tor School. 
Requires earned doctorate in related discipline, 
qualification for advanced rank appointment 
within School, and at least 3 years academic 
administration experience including resource 
and personnel management at or above level of 
department chair. Salary dependent on qualifica¬ 
tions. Excellent benefits. Submit letter of applica¬ 
tion and resume including names of 3 references 
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names and addresses of five references should 
be sent to: Dr. Jan Rocek, Chairperson, Search 
Committee for the Dean of the College of Engi¬ 
neering, Office of Academic Affairs (M/C 105), 
The University of Illinois at Chicago, 601 South 
Morgan Street, Chicago, Illinois 60607-7128. 
(31^ 996-9450. The university of Illinois at 
Chicago is an Affirmative Action/Equal Opportu¬ 
nity Employer. 

Announcement of Faculty/Research Posi¬ 
tions Available. The Institute for Micromanufac¬ 
turing (IfM) at Louisiana Tech University is inviting 
applications from qualified individuals for tenure 
track faculty, research engineers, research asso¬ 
ciates, visiting scholars, postdoctors and techni¬ 
cian positions in the general areas of Micro Elec¬ 
tro Mechanical Systems (MEMS) and microman¬ 
ufacturing. Specific areas include electroplating 
and injection molding at the microscale, surface 
and bulk micromachining, x-ray micromachining, 
electronic circuit and device miniaturization, and 
eiectronic packaging. Appointments for the fac¬ 
ulty positions will be considered at the Assistant, 
Associate and Full Professor rank commensurate 
with qualifications, which include an earned doc¬ 
torate in electrical engineering, biomedical engi¬ 
neering, chemical engineering, materials sci¬ 
ence, physics, biology or a related field, and a 
strong commitment to education and developing 
externally funded research. The IfM will be 
housed in a new 40,000 ft2 facility dedicated to 
miniaturization technologies. The Institute is cur¬ 
rently installing two beamlines/exposure stations 
at the Center for Advanced Microstructures and 
Devices for use in x-ray micromachining. The 
research engineer and associate positions 
require a minimum of a BS degree and appropri¬ 
ate professional experience in one of the areas 
mentioned above. Screening of applicants will 
begin immediately and applications will be 
accepted until all positions are filled. Please send 
resume, names of three professional references 
and a brief description of teaching and research 
interests to: Chair, IfM Search Committee, Insti¬ 
tute for Micromanufacturing, Louisiana Tech Uni¬ 
versity, P.O. Box 10348, Ruston, LA 71272-0046. 
Louisiana Tech University is an equal opportunity 
employer. Women and minorities are encour¬ 
aged to apply. 

Electrical Engineering: FAMU/FSU College of 
Engineering, Tallahassee, FL. Visiting and 
tenure-track Assistant Professor positions for the 
1994-95 academic year. Areas of particular inter¬ 
est are optics/optoelectronics, controls/instru¬ 
mentation, image/digital signal processing, digi¬ 
tal systems, and power. Submit resume and 


applications will begin March 1, 1994. me uni- 

versity of Colorado is an Affirmative Action and 
Equal Opportunity Employer. 

University of Virginia. The Department of Elec¬ 
trical Engineering invites applications for a senior 
level tenured faculty position. Applicants must 
have an established record of research leader¬ 
ship and prominence in the areas of control the¬ 
ory and sensor based robotics with emphasis on 
manufacturing. Responsibilities include leading 
a research group and performing sponsored 
research, teaching at both undergraduate and 
graduate levels, and sen/ice. An earned doctor¬ 
ate in electrical engineering and a strong com¬ 
mitment to excellence in undergraduate and 
graduate teaching are required. Established 
research programs exist in the department 
already in the areas of control theory, robotics, 
machine vision, neural networks, computer engi¬ 
neering, solid state electronic and photonic 
devices, and communications and signal pro¬ 
cessing. Interested individuals should send a 
complete resume, statement of present employ¬ 
ment and citizenship (or visa) status together 
with names and addresses of at least four refer- 
to: Dr. Robert J. Mattauch, Chairman, 


Equal Opportunity/Affirmative, 


ity of Virgi 
Action Bi 


imployer. 


North Carolina State University, Department 
of Electrical and Computer Engineering. Applica¬ 
tions are invited for faculty positions in electrical 
and computer engineering at all ranks. Qualifica¬ 
tions include an outstanding academic record, a 
doctorate or equivalent in electrical or computer 
engineering, or a closely related discipline, and a 
strong commitment to teaching and research. 
Three faculty positions are expected to be avail¬ 
able by January, 1994 and an additional faculty 
opening may be available by May, 1994. We are 
especially interested in candidates specializing 
in: (1) analog and mixed-signal design of micro¬ 
systems, (2) communications and digital signal 
processing with applications to multi-media and 
personal communications systems, (3) design 
and prototyping of micro sensors including 
MEMs technology, (4) hardware/software co¬ 
design of distributed digital systems and (5) elec- 


highly qualified faculty and outstanding s_ . 

in a range of well-equipped facilities. Please 
send your resume to Professor R.K. Cavin, III, 
Department of Electrical and Computer Engi- 


research program. Preference will be given to 
applicants with industrial or teaching experience 
as well as to those who will strengthen the 
department in areas related to electronics, signal 
processing, and controls, or who would reinforce 
existing research programs at Tech. Close ties 
are possible and encouraged with related Ph.D. 
granting departments including Physics and 
Computer Science, as well as with organized 
research activities at Tech such as the Langmuir 
Laboratory for Atmospheric Research and the 
National Radio Astronomy Observatory. Collab¬ 
orations with Los Alamos and Sandia National 
Laboratories and the White Sands Missile Range 
are also possible. The starting date is 15 August, 
1994. Applications received prior to 15 February, 
1994, win be given full consideration; however, 
applications will continue to be accepted until the 
position is fiiled. Send vitae, selected reprints, a 
letter describing teaching and research interests, 
and the names, addresses, and telephone num¬ 
bers of three (3) references to New Mexico Insti¬ 
tute of Mining and Technology, Human Re¬ 
sources, Wells Hall, Box C-116, Socorro, NM 
87801. AAEOE. 

Director Center for Wireless Communica¬ 
tions. The University of Mississippi is now 
accepting applications for a full time position as 
Director of the Center for Wireless Communica¬ 
tions. Academic appointment will be a tenure 
track position at the Professor or Associate Pro¬ 
fessor level, depending upon qualifications. The 
Center is located in the School of Engineering 
and has strong industrial sponsorship. The 
Director will be expected to take a strong interest 
in research and in teaching wireless/telecommu¬ 
nications. Candidates must have achieved a 
Ph.D. in Electrical Engineering or closely related 
field. Candidates should have considerable 
experience in wireless communications and 
must be capable of establishing and sustaining 
long term research and analytical support/ser¬ 
vices programs with regional and national indus¬ 
trial partners and governmental units. Candi¬ 
dates should have a distinguished record in 
research and publications and a record of strong 
participation in professional activities at national 
level. The graduate program in wireless technol¬ 
ogy established two years ago has attracted 
numerous graduate students currently engaged 
in wireless technology research and the under¬ 
graduate program in telecommunications also 
supports the Center. Applicants should send 
their resumes to Professor Charles E. Smith, 
Search Committee Chair, Department of Electri- 
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include a vitae, a brief statemen 
teaching interests, copies of tf 
representing the candidate's sti 
tions, names of three reference 
ing recommendations directly 
Committee, and any additions 
porting information. The salan 
Address applications and suppt 
to: Chair, Search Committee, 

Computer Science & Endneen 
University, Dayton, OH 45435. 
candidates will begin February 
tinue on the first of each month 
or until the position is filled. Wri 
sity is an equal opportunity/e 
employer. 

Faculty Positions in Compul 

Engineering & Management 
applications for tenure-track positions in Com¬ 
puter Science. These positions are at the Assis¬ 
tant or Associate Professor level, dependent 
upon the qualifications and experience of the 
candidate. GMI operates on a five-year fully 
cooperative plan of undergraduate education, 
offering Bachelor degrees in Applied Mathemat¬ 
ics, Electrical Engineering, Industrial Engineer¬ 
ing, Management, Manufacturing Systems Engi¬ 
neering, and Mechanical Engineering. GMI is 
now seeking to offer a degree in Computer Sci¬ 
ence which will take advantage of our coop pro¬ 
gram and applied focus. The minimum qualifica¬ 
tions for these positions include an earned Ph.D. 
in Computer Science, experience in and commit¬ 
ment to undergraduate teaching, and effective 
communication skills in the English language. 
Experience in industry or in curriculum develop¬ 
ment is highly desirable. Preference will be given 
to candidates with expertise in the areas of soft¬ 
ware engineering, computer networks, operating 
systems, compilers, and information retrievaf 
The individuals hired will be expected to partici¬ 
pate in curriculum development, teach a variety 
of courses, continue their research and profes¬ 
sional development, interact with colleagues in a 
multidisciplinary environment, advise students, 
and participate in sen/ice activities. To apply, 
send resume and names, addresses, and phone 
numbers of three references to: Dr. Jo Smith, 
Computer Science Search Committee Chair, 
Science and Mathematics Department, GMI 
Engineering & Management Institute, 1700 W. 
Third Avenue, Flint, Michigan 48504-4898. 
Review of applicants will commence immedi¬ 
ately. To ensure full consideration, applications 
must be received by February 15, 1994. The 
appointments will commence July 1, 1994. GMI 
is an equal opportunity employer; minorities and 
women are encouraged to apply. Candidates 
must have proof of legal authority to work in the 
U.S. GMI is a smoke-free facility. 

Santa Clara University, Assistant Professor 

position in Electrical Engineering. The Depart¬ 
ment of Electrical Engineering seeks applicants 
for a tenure track position in electrical circuits 
and/or networks. Candidates must have a PhD in 
Electrical Engineering with a research back¬ 
ground in electrical circuits and/or networks or a 
closely related area. Santa Clara University 
located in Silicon Valley, near San Jose and 
about 50 miles south of San Francisco. It is a 
comprehensive university with a particular 
emphasis on excellence in teaching at the under- 

S 'aduate level. The Electrical Engineering 
epartment also takes part in a large part-time 
MS program and has a modest PhD program. 
The department has 14 full-time faculty mem- 
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wireless communications and multimedfa appli¬ 
cations. Applicants are also sought in computer 
architectures and digital systems, operating sys¬ 
tems, software engineering, artificial intelligence, 
parallel and distributed computing, database 
management and computer graphics and imag¬ 
ing Stevens Institute of Technology, founded in 
18/0, is located in Hoboken, New Jersey on the 
west bank of the Hudson river directly across 
from Manhattan, NY. Stevens has recently es¬ 
tablished an Advanced Telecommunications In¬ 
stitute (ATI), a national center for ^plied re¬ 
search in telecommunications. The EECS De¬ 
partment offers Bachelor's (programs are ac¬ 
credited by ABET and CSAB), Master's, En¬ 
gineer's and Ph.D, degrees. Send your vita, with 
the names of four references, to: Prof. D.R. 
Vaman, Chairman, Faculty Search Committee, 
Department of Electrical Engineering and Com¬ 
puter Science, Stevens Institute of Technology, 
Castle Point on the Hudson, Hoboken, NJ 07030 
(dvaman@vaxc.stevens-tech.edu). Stevens is an 
Affirmative Action/Equal Opportunity employer. 

Industrial and Management Systems Engi¬ 
neering. Assistant/Associate tenure-track faculty 
position for '94-95 A/Y. The individual will be 
expected to teach and do research in traditional 
and non-traditional manufacturing processes and 
systems. This person will support the CIM labora¬ 
tory and the College thrust for microelectronics 
manufacturing. Qualifications required: An 
earned doctorate in Industrial or Manufacturing 
Engineering. At least one or more of the following 
skiTs/interests: research interests in modeling 
and integrating manufacturing environments, 
training in state of the art processes, knowledge 
of manufacturing processes that deal with 
advanced materials, and familiarity with research 
in aspects of agile manufacturing. Desired quali¬ 
fications: Special emphasis in electronics manu¬ 
facturing. Application deadline: Februaiy 15, 
1994 or 15th of each month until the position is 
filled. Application procedure: Applicants must 
send a letter of application, resume, and the 
names/addresses of three references to Dr. Ger¬ 
ald T. Mackulak, Chair, Faculty Search Commit¬ 
tee, Department of l&MSE, College of Engineer¬ 
ing & Applied Sciences, Arizona State University, 
Tempe, AZ 85287-5906. AA/EOE. 

Yale University, Electrical Engineering. The 

Department of Electrical Engineering invites 
applications for two faculty positions at the Assis¬ 
tant or Term Associate Professorial level in the 
following areas: (1) Microelectronics/Photonics, 
including emerging electronic materials, novel 
electronic devices, and advanced semiconduc¬ 
tor device technology; (2) Signals/Communica- 


strued to include such disciplines as: cable, fiber 
and wireless communication and computer net¬ 
works; processing, compression, recognition, 
interpretation, security, distribution, retrieval and 
display of data, speech, image, video and multi- 
spectral signals; machine vision, machine learn¬ 
ing, and architectures for parallel and distributed 
algorithms; human-machine interfaces with 
emphasis on handicapped access; broadband 
switching and high performance computing in 
support of such applications as interactive TV 
and HDTV, teleconferencing and telemedicine. 
Interested persons should submit a letter of 
application, professional resume, and the names 
Of at least four references to; Director, School of 
Electrical Engineering, Phillips Hall, Cornell Uni¬ 
versity, Ithaca, NY 14853-5401. Cornell Univer¬ 
sity is an Affirmative Action/Equal Opportunity 
Employer. 

Rutgers University. The Department of Electri¬ 
cal and Computer Engineering anticipates an 
opening and invites applicants for a tenure-track 
position at the Assistant Professor level in the 
areas of circuit design and digital/analog elec¬ 
tronics. Ph.D. in EE or equivalent, and clear 
potential for distinguished performance in teach¬ 
ing and research is required. The successful can¬ 
didate's duties will include teaching at the under¬ 
graduate and graduate levels, laboratory devel¬ 
opment, and establishment of scholarly activities 
in the area of specialization. CAD development, 
1C testing tools, 1C cleanroom fabrication facilities 
and comprehensive computing facilities currently 
exist within the department. A resume and the 
names of four references should be sent to Prof. 
B. Lalevic, Chair, Electrical and Computer Engi¬ 
neering, Rutgers University, PO Box 909, Piscat- 
away, NJ 08855-0909, Rutgers is an equal op¬ 
portunity, affirmative action employer. 

California State University, Northridge, is 
accepting applications for Dean, Engineering 
and Computer Science, available August 1994. 
The School has 4 departments, 70 fuN-time fac¬ 
ulty, 1,800 undergraduate and 600 graduate stu¬ 
dents. Undergraduate degrees in both Engineer¬ 
ing and Computer Science are accredited. Over¬ 
sees School programs and resources. With fac¬ 
ulty maintains and improves instruction and 
research. Seeks external support for School. 
Requires earned doctorate in related discipline, 
qualification for advanced rank appointment 
within School, and at least 3 years academic 
administration experience including resource 
and personnel management at or above level of 
department chair. Salary dependent on qualifica¬ 
tions. Excellent benefits. Submit letter of applica¬ 
tion and resume including names of 3 references 
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aiy 15,1994, to: Chair, SECS Search & Screen 
Committee; Office of Provost; Caiifornia State 
University, Northridge; 18111 Nordhoff Street; 
Northridge, CA 91330-8200. EEO/AA empioyer 
encourages applications from women, minorities 
and persons with disabilities. 

Dean of the College of Engineering, University 
of Iliinois at Chicago. The University of lilinois at 
Chicago (UlC) invites appiications and nomina¬ 
tions for the position of Dean of the Coliege of 
Engineering. It is hoped that the appointment wiil 
become effective August 1, 1994. UlC, a 
Research I Institution has 14 colleges, 17,000 
undergraduate and 8,000 professional and grad¬ 
uate students and is the largest university in 
northern Illinois. The College of Engineering has 
four departments (Chemical Engineering; Civil 
Engineering, Mechanics, and Metallurgy; Electri¬ 
cal Engineering and Computer Science; and 


with state-of-the-art research facilities. Candi¬ 
dates for the position must have a demonstrated 
commitment to academic excellence and diver¬ 
sity, and the ability to further advance the Col¬ 
lege’s standing in research, education, and ser¬ 
vice, enhance its industrial interactions and stim¬ 
ulate the development of major interdisciplinary 
research efforts. The position requires adminis¬ 
trative experience and demonstrated leadership 
ability. The candidate's accomplishments must 
be commensurate with the rank of full professor 
in one of the College's departments. To ensure 
fullest consideration, applications should be 
received by February 15,1994. Nominations and 
applications, accompanied by a resume and 
names and addresses of five references should 
be sent to; Dr. Jan Rocek, Chaiiperson, Search 
Committee for the Dean of the College of Engi¬ 
neering, Office of Academic Affairs (M/C 105), 
The University of Illinois at Chicago, 601 South 
Morgan Street, Chicago, Illinois 60607-7128. 
(312) 996-9450. The University of Illinois at 
Chicago is an Affirmative Action/Equal Opportu¬ 
nity Employer. 


Announcement of Faculty/Research Posi¬ 
tions Available. The Institute for Micromanufac¬ 
turing (IfM) at Louisiana Tech University is inviting 
applications from qualified individuals for tenure 
track faculty, research engineers, research asso¬ 
ciates, visiting scholars, postdoctors and techni¬ 
cian positions in the general areas of Micro Elec¬ 
tro Mechanical Systems (MEMS) and microman¬ 
ufacturing. Specific areas include electroplating 
and injection molding at the microscale, surface 
and bulk micromachining, x-ray micromachining, 
electronic circuit and device miniaturization, and 
electronic packaging. Appointments for the fac¬ 
ulty positions will be considered at the Assistant, 
Associate and Full Professor rank commensurate 
with qualifications, which include an earned doc¬ 
torate in electrical engineering, biomedical engi¬ 
neering, chemical engineering, materials sci¬ 
ence, physics, biology or a related field, and a 
strong commitment to education and developing 
externally funded research. The IfM will be 
housed in a new 40,000 ft2 facility dedicated to 
miniaturization technologies. The institute is cur¬ 
rently installing two beamlines/exposure stations 
at the Center tor Advanced Microstructures and 
Devices for use in x-ray micromachining. The 
research engineer and associate positions 
require a minimum of a BS degree and appropri¬ 
ate professional experience in one of the areas 
mentioned above. Screening of applicants will 
begin immediately and applications will be 
accepted until all positions are filled. Please send 
resume, names of three professional references 
and a brief description of teaching and research 
interests to; Chair, IfM Search Committee, Insti¬ 
tute for Micromanufacturing, Louisiana Tech Uni¬ 
versity, P.O. Box 10348, Ruston, LA 71272-0046. 
Louisiana Tech University is an equal opportunity 
employer. Women and minorities are encour¬ 
aged to apply. 


Electrical Engineering: FAMU/FSU College of 
Engineering, Tallahassee, FL. Visiting and 
tenure-track Assistant Professor positions for the 
1994-95 academic year. Areas of particular inter¬ 
est are optics/optoelectronics, controls/instru¬ 
mentation, image/digital signal processing, digi¬ 
tal systems, and power. Submit resume and 


University of Colorado at Colorado Springs, 

El Pomar Endowed Chair in Information Integra¬ 
tion Engineering. The D^artment of Electrical & 
Computer Engineering (ECE) at the University of 
Colorado at Colorado Springs invites applica¬ 
tions for the El Pomar Endowed Chair in Infor¬ 
mation Integration Engineering. This position will 
bridge several areas including computer engi¬ 
neering, information theory, signal processing, 
communications systems and networking, and 
application-specific device design and fabrica¬ 
tion. Areas of specific interest impacted by the 
chair will include, but are not limited to, high-def¬ 
inition television, measurement instrumentation 
applications, multi-media applications, image 
compression applications, group and corporate 
multi-media applications. The ECE Dept has 
strong research areas in microelectronics, elec¬ 
tromagnetics, communications, signal process¬ 
ing, neural networks, parallel computation, and 
computer-aided design of VLSI circuits. The 
Departments of Computer Science and Mathe¬ 
matics have research interests in image pro¬ 
cessing, software engineering, neural networks, 
and stochastic processes. The chaired position 
will creatively bridge between these areas of 
research strength, provide a focus for joint 
research projects, and develop linkages with the 
research and development thrusts of regional 
and national industry. Earned doctorate d^ree 
is required. Send applications to El Pomar Chair 
Search Committee, University of Colorado at 
Colorado Springs, ECE Dept., P.O. Box 7150, 
Colorado Springs, CO 80933-7150. Review of 
applications wiltbegin March 1, 1994. The Uni¬ 
versity of Colorado is an Affirmative Action and 
Equal Opportunity Employer. 


University of Virginia. The Department of Elec¬ 
trical Engineering invites applications for a senior 
level tenured faculty position. Applicants must 
have an established record of research leader¬ 
ship and prominence in the areas of control the¬ 
ory and sensor based robotics with emphasis on 
manufacturing. Responsibilities include leading 
a research group and performing sponsored 
research, teaching at both undergracluate and 
graduate levels, and service. An earned doctor¬ 
ate in electrical engineering and a strong com¬ 
mitment to excellence in undergraduate and 
graduate teaching are required. Established 
research programs exist in the department 
already in the areas of control theory, robotics, 
machine vision, neural networks, computer engi¬ 
neering, solid state electronic and photonic 
devices, and communications and signal pro¬ 
cessing. Interested individuals shouldf send a 
complete resume, statement of present employ¬ 
ment and citizenship (or visa) status together 
with names and addresses of at least four refer¬ 
ences to; Dr. Robert J. Mattauch, Chairman, 
Department of Electrical Engineering, Thornton 
Hall, University of Virginia, Charlottesville, VA 
22903-2442. the search will continue until the 
position is filled. The University of Virainia is an 
Equal Opportunity/Affirmative Action Employer. 


North Carolina State University, Department 
of Electrical and Computer Engineering. Applica¬ 
tions are invited for faculty positions in electrical 
and computer engineering at all ranks. Qualifica¬ 
tions include an outstanding academic record, a 
doctorate or equivalent in electrical or computer 
engineering, or a closely related discipline, and a 
strong commitment to teaching and research. 
Three faculty positions are expected to be avail¬ 
able by January, 1994 and an additional faculty 
opening may be available by May, 1994. We are 
especially interested in candidates specializing 
in; (1) analog and mixed-signal design of micro¬ 
systems, (2) communications and digital signal 
processing with applications to multi-media and 


tro-optical technologies and systems. Successful 
candidates will have the opportunity to work with 
highly qualified faculty and outstanding students 
in a range of well-equipped facilities. Please 
send your resume to Professor R.K. Gavin, III, 
Department of Electrical and Computer Engl¬ 


and prototyping o 
MEMs technology, 
design of distributed 


micro sensors including 
(4) hardware/software co¬ 
digital systems and (5) elec- 


neering. Box 7911, North Carolina State Univer¬ 
sity, Ffaleigh, NC 27695-7911. North Carolina 
State University is an equal-opportunity, affirma¬ 
tive-action employer. 

Biomedical Image Processing. The University 
of Akron invites applications and nominations for 
a joint appointment, tenure-track assistant pro¬ 
fessor in the Department of Biomedical Engi¬ 
neering and the Department of Electrical Engi¬ 
neering for the fall semester 1994. The faculty 
member will be expected to teach both under¬ 
graduate and graduate courses in signal and 
image processing and to carry out research in 
the areas of biomedical image processing. Send 
resumes and names, addresses and telephone 
numbers of three references to; Chairperson, 
Search Committee, Department of Biomedical 
Engineering, University of Akron, Akron, OH 
44325-0302. Applications will be reviewed 
monthly until the position is filled. The University 
of Akron is an Equal Education and Employment 
Institution. 


Electrical Engineering Faculty. New Mexico 
Institute of Mining and Technology invites appli¬ 
cations for a tenure-track position being created 
(subject to final funding approval) at the Assis¬ 
tant Professor level in the Electrical Engineering 
department. Exceptional applicants may be con¬ 
sidered for a higher level appointment. The 
department was established in 1989 and offers 
an ABET-accredited undergraduate EE pro¬ 
gram, emphasizing small classes and excellence 
in instruction. Applicants must have a Ph.D. 
degree in Electrical Engineering (or a closely 
related field) at the time of appointment. The suc¬ 
cessful applicant will be expected to excel in 
teaching undergraduate courses, including labo- 
ratoiy and design classes, and participate in the 
continuing development of the program. In addi¬ 
tion, she/he will be expected to develop an active 
research program. F’reference will be given to 
applicants witn industrial or teaching experience 
as well as to those who will strengthen the 
department in areas related to electronics, signal 
processing, and controls, or who would reinforce 
existing research programs at Tech. Close ties 
are possible and encouraged with related Ph.D. 
granting departments including Physics and 
Computer Science, as well as with organized 
research activities at Tech such as the Langmuir 
Laboratory for Atmospheric Research and the 
National Radio Astronomy Observatory. Collab¬ 
orations with Los Alamos and Sandia National 
Laboratories and the White Sands Missile Range 
are also possible. The starting date is 15 August, 
1994. Applications received prior to 15 February, 
1994, will be given full consideration; however, 
applications wHl continue to be accepted until the 
position is filled. Send vitae, selected reprints, a 
letter describing teaching and research interests, 
and the names, addresses, and telephone num¬ 
bers of three (3) references to New Mexico Insti¬ 
tute of Mining and Technology, Human Re¬ 
sources, Wells Hall, Box C-116, Socorro, NM 
87801. AAEOE. 


Director, Center for Wireless Communica¬ 
tions. The University of Mississippi is now 
accepting applications for a full time position as 
Director of the Center for Wireless Communica¬ 
tions. Academic appointment will be a tenure 
track position at the Professor or Associate Pro¬ 
fessor level, depending upon qualifications. The 
Center is located in the School of Engineering 
and has strong industrial sponsorship. The 
Director will be expected to take a strong interest 
in research and in teaching wireless/telecommu¬ 
nications. Candidates must have achieved a 
Ph.D. in Electrical Engineering or closely related 
field. Candidates should have considerable 
experience in wireless communications and 
must be capable of establishing and sustaining 
long term research and analytical support/ser¬ 
vices programs with regional and national indus¬ 
trial partners and governmental units. Candi¬ 
dates should have a distinguished record in 
research and publications and a record of strong 
participation in professional activities at nation^ 
level. The graduate program in wireless technol¬ 
ogy established two years ago has attracted 
numerous graduate students currently engaged 
in wireless technology research and the under¬ 
graduate program in telecommunications also 
supports the Center. Applicants should send 
their resumes to Professor Charles E. Smith, 
Search Committee Chair, Department of Electri- 
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cal Engineering, University of Mississippi, Uni¬ 
versity, MS 38677, by January 31, 1994. The 
University is prepared to fill this position as soon 
as possible, but it will remain open until filled. 
Starting date no later than August 1, 1994. 
Inquiries can be directed to Professor Smith at 
{601} 232-7231. The University of Mississippi is 
an affirmative action/disabled/equal employment 
opportunity employer. (AA/D/EEOE) 


--- ----Efectron- 

ics/Systems, Solid State Electronics (manufac¬ 
turing emphasis), and Systems and Controls 
(manufacturing emphasis). Applicants must hold 
an earned doctorate in Electrical Engineering or 
a closely related discipline, have a distinguished 
record of classroom teaching at both undergrad¬ 
uate and graduate levels, have the ability to 
establish and effectively administer a program of 
sponsored research and lead and mentor electri¬ 
cal engineers in the early stages of their careers. 
They ^ould also be prepared to serve the acad¬ 
emic community through professional activities. 
Applicants should show significant evidence of 
continuing scholarly contributions in addition to 
the doctoral dissertation. Arizona State Univer¬ 
sity is the fifth largest U.S. university, with ap¬ 
proximately 30,000 undergraduates and 12,000 
graduate students. The college of Engineering 
and Applied Sciences at ASU is established 
among the leading up-and-coming engineering 
graduate schools. The Department of Engineer¬ 
ing has approximately 700 undergraduate and 
500 graduate students, and research expendi¬ 
tures of $3.6M per year. The Department bene¬ 
fits from a strong industrial base within the 
Phoenix area and active programs in related dis¬ 
ciplines within the Centers tor Energy Systems 
Research, Solid State Electronics Research, and 
System Science Research. Applicants must 
send a letter of application, a resume with publi¬ 
cation list, and the names, addresses and tele¬ 
phone numbers of three references to: Faculty 
Search Committee Chair, Department of Electri¬ 
cal Engineering, Box 875706, Arizona State Uni¬ 
versity, Tempe, 85287-5706. The first applica¬ 
tion deadline is February 15, 1994; thereafter, 
applications will be on the 15th of each month 
until the positions are filled. Arizona State Uni¬ 
versity is an Equal Opportunity Employer. The 
Department encourages diversity among its 
applicants. 

Lehigh University. Faculty Position in Com¬ 
puter Engineering. The Department of Electrical 
Engineering ancTComputer Science at Lehigh 
University seeks applicants in applications of 
computers in manufacturing for a tenure track 
faculty position. Candidates must have a PhD in 
computer engineering, computer science or 
electrical engineering.'We require a strong com¬ 
mitment to teaching and evidence of innovative 
research through appropriate journal publica¬ 
tions. Preference will be given to junior faculty, 
but we would consider senior faculty with an 
impressive record of publication and funding in 
the fields of interest. Other areas of research 
may be considered. The department offers pro¬ 
grams in electrical engineering, computer sci¬ 
ence, and computer engineering leading to a 
PhD degree. Send e-mail to eecs@eecs. 
Iehigh.edu for further information about the 
department. Lehigh University is an affirmative 
action/equal opportunity employer. Women and 
minorities are encouraged to apply. Candidates 
are encouraged to respond rapidly by sending a 
curriculum vita and names of at least three refer¬ 
ences to Dr. Alastair McAulay, Chair and Chan¬ 
dler Weaver Professor, Faculty Search Commit¬ 
tee, Department of Electrical Engineering and 
Computer Science, Lehigh University, 19 Memo¬ 
rial Drive West, Bethlehem, Pennsylvania 
18015. 

The Ohio State University, Department of Elec¬ 
trical Engineering, invites applications for a 
tenure-track position in all areas of Communica¬ 
tions. While all levels will be considered, particu¬ 
lar emphasis will be given to candidates at the 
Assistant or Associate Professor levels. Appli¬ 
cants must have a Ph.D. degree in Electrical 


Engineering or related field, outstanding acade¬ 
mic credentials, potential for developing re¬ 
search programs, and an interest in teaching at 
the undergraduate and graduate levels. Send 
resume and names and addresses of references 
to: Professor Yuan F. Zheng, Acting Chairman, 
Department of Electrical Engineering, The Ohio 
State University, 2015 Neil Avenue, Columbus, 
OH 43210-1272. The Ohio State University is an 
equal opportunity/affirmative action employer. 

Carnegie Mellon University. The Department 
of Materials Science and Engineering has two 
tenure-track faculty openings at the Assistant, 
Associate or Full Professor level, for exception¬ 
ally qualified persons specialized in one of the 
following areas: Modeling of materials process¬ 
ing, with emphasis on applying the principles of 
heat, mass, and fluid flow to solidification, 
ceramic processing, and/or composite process¬ 
ing. Materials theory, with emphasis on com¬ 
puter simulation/modeling at either the atomistic 
or continuum scales. Semiconducting materials 
and devices, dielectrics and passivation, and/or 
contacts and multi-level metallization. Micro- 
structural development and the mechanical 
behavior of metals, ceramics composites, or 
other structural materials. Applicants should 
have a Ph.D., a demonstrated interest and the 
ability to develop strong research programs in 
one of the above areas, and be enthusiastic 
about teaching at both the graduate and under¬ 
graduate levels. Please send resume and names 
of three references to: Professor David E. Laugh- 
lin. Chair, Faculty Search Committee, Depart¬ 
ment of Materials Science and Engineering, 
Carnegie Mellon University, Pittsburgh, PA 
15213-3890. Phone: (412) 268-2706, Fax: (412) 
268-7596. Equal Opportunity/Affirmative Action 
Employer. 


senior level Professor tor a tenure-track 
appointment in Bioengineering. The applicant 
must be qualified to teach basic undergraduate 
bioengineering courses and graduate level bio¬ 
engineering specialty courses. The applicant will 
be expected to direct r"'-‘- 


and mentor graduate stu- 


specialization in applied motor control, robotics, 
system theory and control, or powered prosthetic 
devices is preferred. Applicants must be able to 
demonstrate direct experience in the field of bio¬ 


institute, the Department of Electrical Engineer¬ 
ing, and the Bioengineering Program working 
synergistically to develop prosthetic devices con¬ 
trolled by neuronal signals. The Bioengineering 
Program within the department consists of seven 
full-time faculty and has an enrollment of 160 
undergraduate and 55 graduate students. De¬ 
grees conferred by the department include the 
B.S., M.S., and Ph.D. degrees in Bioengineering. 
Joint research projects with local medical 
research institutions are encouraged, and cur¬ 
rently include projects funded by the NIH, NSF, 
The Whitaker Foundation, and American Heart 
Association. Address applications and corre¬ 
spondence to: Gary T. Yamaguchi, Ph.D., Chair 
of the Search Committee, Department of Chem¬ 
ical, Bio and Materials Engineering, College of 
Engineering and Applied Sciences, Arizona 
State University, Tempe, Arizona 85287-6006. 
e-mail:yamaguch@asuvax.eas.asu.edu Candi¬ 
dates must supply a curriculum vitae, a letter 
stating teaching and research interests, and 
names, addresses, and phone numbers of at 
least three references. Questions and inquiries 
may be submitted by e-mail, but applications and 
nominations must be received by post. The 
search committee will begin to review applica¬ 
tions on February 15, 1994. Applications 
received after that date will be reviewed on a 
biweekly cycle, as necessary, until the position is 
filled. The preferred starting date is August 16, 
1994, but the date is negotiable. Arizona State 


Boston University. The Department of Electri¬ 
cal, Computer and Systems Engineering at 
Boston University seeks applications for antici¬ 
pated faculty positions in the areas of photonics, 
communication networks, and signal/speech/ 
image processing. All positions are for tenure 
track or tenured appointments starting in Sep¬ 
tember 1994. An earned PhD in a relevant disci¬ 
pline is required. Faculty are expected to develop 
a program of funded research in their area of 
expertise. Boston University is located in the 
heart of the Boston academic community along 
the Charles River, with easy access to the out¬ 
standing scientific, cultural and tourist attractions 
of the city. The Department has 30 faculty and 
approximately 50 PhD, 200 MSc and 400 BSc 
majors. Opportunities exist for collaboration with 
other colleagues in the Boston area, as well as 
with the many electronics and software compa¬ 
nies in the area. Applicants should send their 
curriculum vita to Professor Thomas G. Kincaid, 
Chairman, Department of Electrical, Computer 


Boston, MA 02215. Boston University is a 
Equal Opportunity/Affirmative Action Employer. 

Position in Electricai Engineering at Alfred 
University. Full time tenure track position. Divi¬ 
sion of Electrical Engineering, Alfred University, 
Ph.D. in EE or related field, teaching experience, 
scholarly activity, good communication skills, 
ability to motivate students a must. Industrial 
experience, P.E. desirable. Strong background 
in EM fields, software engineering desired, other 
fields considered. Position open July 94. Review 


Alfred, NY 14802-1232, or Fax to (607) 871- 
2348. Tel (607) 871-2130. Alfred Univ is an 
AA/EOE. 

Arizona State University, Chair of Chemical, 
Bio & Materials Engineering. Arizona State Uni¬ 
versity (ASU) invites nominations and applica¬ 
tions for the position of Chair of the Department 
of Chemical, Bio and Materials Engineering 
(CBME} in the College of Engineering and 
Applied Sciences. The CBME department con¬ 
sists of twenty-seven faculty, and offers B.S., 
M.S. and Ph.D degrees in Chemical Engineer¬ 
ing, Bio Engineering, and Materials Science. The 
departmental enrollment includes 440 under¬ 
graduates, 95 Masters students and 55 Ph.D. 
students. Annual research expenditures are at a 
level of $ 2.5m. Opportunities exist for develop¬ 
ing synergistic research programs that combine 
expertise between traditional Chemical, Bio and 
Material Engineering disciplines. The research 

!_*-Qf (|.,g faculty include semiconductor 

-1 -I-environmental 

__process control, 

, systems, neuromotor control, 
biosensors and biomateriais. ASU is a multi¬ 
campus university widely recognized as one of 
the most rapidly emerging major research insti¬ 
tutions in the U.S. Its main campus is located 
near the heart of metropolitan Phoenix in the city 
of Tempe. Phoenix is a cosmopolitan, culturally 
diverse area of approximately two million people. 
The College of Engineering & Applied Sciences 
has 11 academic departments and schools and 
eight research centers. The enrollment in the col¬ 
lege includes 4,405 undergraduates and 2,252 
graduate students (396 Ph.D.'s) with 220 
tenured or tenure-track faculty members. The 
College has been recognized for its innovative 
Engineering Excellence Program, a three-way 
partnership between state government, industry, 
and the university. The Chair reports to the Dean 
of the College of Engineering and Applied Sci¬ 
ences, provides intellectual leadership to the 
department, promotes the development of a 
shared vision of academic excellence, facilitates 
cross-disciplinary interactions and represents 
the department to the academic community at 
large. The Chair takes an active role in faculty 
development, and works with faculty across the 
department to encourage innovation in teaching 
and aggressively pursue a wide range or 
research opportunities. The Chair promotes cul¬ 
tural diversity and minority development through¬ 
out the Department. Candidates must have an 
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earned doctorate in any area closely related to 
Chemical, Bio or Materials Engineering, and 
must be qualified for a tenured full professorship 
in the department. Candidates must have a 
strong record of scholarly achievements and 
must provide evidence of strong leadership, 
management and interpersonal skills. Candi¬ 
dates must supply curriculum vitae, a letter of 
interest, and names, addresses and phone/fax 
numbers of at least five references to Professor 
H.J.S. Fernando, Chair, Search Committee for 
the Chair in CBME, Box 876106, Arizona State 
University, Tempe, AZ 85287-6106. Questions 
regarding this position may be directed by e-mail 
to J.Fernando@asu.edu. The deadline for the 
applications is March 1,1994, or the first of each 
month thereafter until the position is filled. The 
position is tenable after July 1,1994, or as soon 
as possible thereafter. Salary is competitive. Ari¬ 
zona State University is an Equal Opportunity, 
Affirmative Action Employer. 

Computer Science Position; (Computer Soft¬ 
ware). The University of Wisconsin-Parkside, 
Department of Computer Science and Engineer¬ 
ing, invites applications for a tenure-track faculty 
position beginning in September 1994. The posi¬ 
tion is at the assistant professor level, but higher 
rank is possible for an outstanding candidate. 
Candidates should have a doctorate in computer 
science, computer engineering, or a related field 
with strong commitment to undergraduate teach¬ 
ing for a diverse student body, and to scholarly 
activity - preferably involving undergraduate stu¬ 
dents and/or regional business and industry. Pri¬ 
mary need is in the areas of software engineer¬ 
ing, distributed systems, object oriented pro¬ 
gramming, and operator/human interfaces, but 
all qualified candidates will be considered. Cur¬ 
rent faculty interests are in systems software, 
artificial intelligence, computer graphics, and 
real-time applications. The University of Wiscon¬ 
sin-Parkside is one of 13 degree-granting cam¬ 
puses of the University of Wisconsin System. 
The campus is located on a beautiful site near 
Lake Michigan within the Chicago-Milwaukee 
industrial corridor. Applicants should send a 
resume, a statement concerning teaching and 
research interests, and a list of at least three ref¬ 
erences to: Dr. George Perdikaris, Chairman, 
Department of Computer Science and Engineer¬ 
ing, University of Wisconsin-Parkside, 900 Wood 
Road, Kenosha, Wl 53141-2000. Closing date 
for applications is February 7, 1994. UW-Park- 
side is an equal opportunity/affirmative action 
employer. Women and minorities are encour¬ 
aged to apply. 


Boston University. Postdoctoral position in 
dynamics of arfificial neural networks. Applicants 
should send their curriculum vita and the names 
of three references to Professor Thomas G. Kin¬ 
caid, Chairman, Department of Electrical, Com¬ 
puter and Systems Engineering, Boston Univer¬ 
sity College of Engineering, 44 Cummington St., 
Boston, MA 02215. Boston University is an 
Equal Qpportunity/Affirmative Action Employer. 

Chair, Department of Electrical Engineering 
Technology, Indiana University Purdue Univer¬ 
sity Indianapolis (lUPUl). Applications and nomi¬ 
nations are invited for the position of Chair, 
Department of Electrical Engineering Technol¬ 
ogy, of the Purdue School of Engineering and 
Technology at lUPUl, available July 1, 1994. 
Responsibilities of the position include adminis¬ 
tration of the academic program and budget, fac¬ 
ulty recruitment and development, student advis¬ 
ing, working with industry and advisory commit¬ 
tees, leadership in generating external funding, 
long-range strategic planning, student recruit¬ 
ment and teaching (up to 6 credit hours per 
semester). The candidate should have good 
communication skills, administrative experience, 
a distinctive record of university teaching, and 
professional achievement or equivalent indus¬ 
trial experience suitable for appointment at the 
rank of full professor. The candidate shall have 
significant industrial experience and demon¬ 
strated ability to communicate effectively with 
academia and industry. A master's or Ph.D. 
degree in a closely related technical field and 
expertise in one of the department's specialties is 
required. Professional engineering registration is 
preferred. Candidates from industry, engineer¬ 
ing, and engineering technology programs are 
encouraged to apply. Applicants should submit 
C.V., a statement of academic accomplishments 


and objectives, and the names of five references. 
Materials should be submitted by February 15, 
1994, to Professor Roy E. Westcott, Chair, EET 
Search Committee, Indiana University Purdue 
University Indianapolis, 799 W. Michigan Street, 
Indianapolis, IN 46202. Applications will be ac¬ 
cepted until the appointment is made. The 
Department of Electrical Engineering Technol¬ 
ogy has 350 majors and offers ABET-accredited 
programs in electrical engineering technoiogy at 
the associate and baccalaureate level, the 
Department also offers an associate degree in 
biomedical electronics technology. With 2,300 
students, the School of Engineering and Tech¬ 
nology is one of the largest of 18 academic ur'*" 
at lUPUI. lUPUl is a comprehensive urban ca 
pus that enrolls more than 28,000 students and 
offers 174 academic programs. lUPUl is an 
Equal Opportunity, Affirmative Action employer. 
Women and minority candidates are encouraged 
to apply. 


Chair, Department of Electrical Engineering, 
Indiana University Purdue University Indianapo¬ 
lis (lUPUl). Applications and nominations are 
invited for the position of Chair of the Department 
of Electrical Engineering of the Purdue School of 
Engineering and Technology at lUPUl, available 
July 1, 1994. It is preferred that the individual 
hold credentials and qualifications to be eligible 
to hold a tenured full-professorship in the School. 
Candidates should nave a Ph.D. in electrical 
engineering or a related area. They should have 
demonstrated the ability to provideleadership for 
a department with undergraduate and graduate 
programs, to be innovative and effective in 
teaching, to conduct vigorous, pioneering re¬ 
search, and to have excellent communication 
skills. Consideration will be given to a candi¬ 
date's skills in attracting external sponsorship 
and building collaboration among a diverse com¬ 
munity of academe, industry, and government. 
Applicants should submit C.V., a statement of 
academic accomplishments and objectives, and 
the names of five references that the search 
committee may contact. Materials should be 
submitted by February 15, 1994, to Professor 
Clifford E. Dykstra, Cnair, EE Search Commit¬ 
tee, Indiana University Purdue University Indi¬ 
anapolis, SL 2150, 723 West Michigan Street, 
Indianapolis, IN 46202. Applications will be ac¬ 
cepted until the appointment is made. Current 
research and teaching interests in the depart¬ 
ment include circuits and electronics, communi¬ 
cations and signal processing, controls and 
robotics, digital and VLSI design, and biomedical 
engineering. The department enrolls over 300 
undergraduate majors and 40 graduate stu¬ 
dents. With 2,300 students, the School of Engi¬ 
neering and Technology is one of the largest of 
18 academic units at lUPUl. lUPUl is a compre¬ 
hensive urban campus that enrolls more than 
28,000 students and offers 174 academic pro¬ 
grams. School resources include the Electronics 
Manufacturing Productivity Facility (EMPF), 
sponsored by the Naval Material Command and 
lUPUl and designated a National Center for 
Excellence. The EMPF works in collaboration 
with industry, the Navy, and lUPUl faculty to 
bring manufacturing technology into the engi¬ 
neering environment. lUPUl is an Equal Oppor¬ 
tunity, Affirmative Action employer. Women and 
minority candidates are encouraged to apply. 

The University of Caiifornia at Berkeiey 

invites applications for tenure-track positions in 
Electrical Engineering and Computer Sciences, 
at the Assistant Professor level, beginning in Fall 
Semester 1994, pending budgetary approval. 
Applicants should have received (or be about to 
receive) a doctoral degree in Computer Science 
or Electrical Engineering or a closely related 
field. All areas of research in Computer Science 
and Electrical Engineering will be considered. 
Successful applicants will be expected to set up 
a quality research program and to teach both 
graduate and undergraduate courses in their 
general area of specialty. As such, the principal 
requirements of this position are excellence in 
research, teaching, and academic leadership. 
Interested persons should send a resume, a 
select subset of papers, and the names and 
addresses of three or more references, by Feb¬ 
ruary 28, 1994, to the appropriate address 
below. In addition, the applicant should ask three 
references to send letters directly to the same 
address. Applications submitted after the dead¬ 
line will not be considered. Electrical Engineering 


Applications: Professor David Messerschmitt, 
Chair, Department of Electrical Engineering and 
Computer Sciences, 231 Coiy Hall, University of 
California, Berkeley, California 94720. Computer 
Science Applications: Professor Robert Wilen- 
sky. Associate Chair Computer Science Division, 
581 Evans Hall, University of California, Berke¬ 
iey, CA 94720. The University of California is an 
Equal Opportunity, Affirmative Action Employer. 

Colorado School of Mines, Golden, Colorado. 
Faculty Position in Engineering, Electrical Engi¬ 
neering, Digital Imaging. The Colorado School of 
Mines IS accepting applications for a tenure track 
faculty position in the Division of Engineering. 
This Division offers interdisciplinary degree pro¬ 
grams in engineering and is oriented toward 
interdisciplinary engineering research as it re- 
iates to the energy, materials and resource 
industries. Candidates for this position must 
have a strong background in electrical engineer¬ 
ing with hardware oriented research credentials 
and expertise in contemporary image acquisition 
technology, coupled with experience in image- 
processing in a Unix environment. Further pref¬ 
erence wiH be given to candidates having appli¬ 
cations interests in any or several of the following 
areas: advanced materials diagnostics, non¬ 
destructive evaluation techniques, machine vi¬ 
sion, fiow visualization, and computed imaging. 
Responsibilities inciude the development of a 
funded research program in digital imaging with 
interdisciplinary applications in energy or materi¬ 
als, teaching at the graduate level in engineering, 
teaching at the undergraduate level in lower and 
upper division electrical engineering, and inno¬ 
vation and program development in interdiscipli¬ 
nary engineering education. Candidates must 
have a doctoral degree in electrical engineering 
or related area, including at least a baccalaure¬ 
ate degree in electrical engineering, and should 
have a clear commitment To excelfence in engi¬ 
neering education. Preference will be given to 
candidates who have an established record of 
scholarly accomplishments, funded research, 
and teaching excellence. Application deadline: 
15 February, 1994, or until such time as a suc¬ 
cessful candidate has been identified. The appli¬ 
cation package must include a resume, the 
names and addresses of three references, and 
supporting materials which must include a one 
page statement on professional compatibility 
with the needs of this position. Applications 
should be directed to: Colorado School of Mines, 
Digital Imaging Searoh #92-10-27, 1500 Illinois 
Street, Golden, CO 80401. An equal opportu¬ 
nity/affirmative action employer. 

The Department of Electrical and Computer 

Engineering at the University of Missouri- 
Cofumbia's Kansas City (CEP) program invites 
applications for a tenure track position in Electri- 


full-time teaching and research program with 17 
faculty members offering ABET accredited B.S. 
degrees as well as Masters and Ph.D. degrees in 
Electrical, Mechanical and Civil Engineering. 
The CEP Electrical Engineering program pres¬ 
ently has 130 undergraduates, 50 graduate stu¬ 
dents pursuing Masters and Ph.D. degrees, and 
an active research program in computers, elec¬ 
tromagnetic fields, electro-optics and power. 
Applicants must have earned Ph.D. in electrical 
engineering, and a proven record of scholarly 
work in both teaching and research. Responsibil¬ 
ities include teaching engineering courses at ali 
levels (B.S. through Ph.D.), establishing high 
quality programs in sponsored research, re¬ 
search collaboration with local industry, super¬ 
vising Master's and Doctoral students, and 
advising students at all levels. Preference will be 
given to candidates with prior experience at other 
engineering institutions or significant industrial 
research experience in computer engineering or 
power. Desirabie candidates should nave either 
U.S. citizenship or a permanent residency. Appli¬ 
cants should send a resume, a statement of 
research and teaching interests, and three refer¬ 
ences to Dr. Jerome Knopp, Electrical and Com¬ 
puter Engineering Department, University of Mis- 
souri-Kansas City, 5100 Rockhill Road, Kansas 
City, Missouri 64110. Candidates are sought for 
the semester starting September 1994. Alfappli- 
cations received by March 12,1994 will be con¬ 
sidered, and later applications wiil be considered 


cal and Computer Engineering at the Assistant, 
Associate or Full Professor level. Faculty in the 
CEP are University of Missouri-Columbia faculty 
that reside in the Kansas Citv area. The CEP is a 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


until the position is filled. The University of Mis¬ 
souri is an equal opportunity, affirmative action 
employer. 

The Australian National University, Research 
School of Information Sciences and Engineering, 
Fellow/Senior Fellow in Telecommunications 
Engineering (Level C/Level D). Applications are 
invited for a tenurable position in research and 
postgraduate training at academic level C or D in 
a new telecommunications Engineering Group in 
the Research School of Information Sciences 
and Engineering. The emphasis in the School is 
on excellence in research at a fundamental level, 
quality supenrision of PhD students and indus¬ 
trial and other outside interactions. The success¬ 
ful applicant should already have an international 
reputation in the postdoctoral career phase but 
with reputation still developing rapidly, and with a 
career objective and identifiable potential of 
becoming an IEEE Fellow. Leadership skills are 
clearly important. The new group would be 
expected to collaborate in other activities in the 
School, in joint research projects, student super¬ 
vision, provision of course material, and partici¬ 
pation in one or more of the Cooperative 
Research Centres associated with the School, 
viz CRC for Robust and Adaptive Systems, CRC 
for advanced Computational Systems and 
Research Data Network CRC. Collaboration in 
activities in the Faculty of Engineering and Infor¬ 
mation Technology would be welcome. Systems 
aspects of telecommunications, as opposed to 
device/physics aspects will be preferred. Typical 
research outlets would include IEEE Transac¬ 
tions on Communications and possibly IEEE 
Transactions on Information Theory. It is proba¬ 
ble that, in view of the joint appointment with 
Computer Sciences Laboratory, some activities 
of the group, but not necessarily the appointee, 
would fall in this networks area. Contact: For fur¬ 
ther information about the position, please con¬ 
tact the School's Acting Director, Professor Brian 
Anderson (61 -6) 249 5127, Fax (61 -6) 249 2698. 
Further particulars, which include the selection 
criteria, are available from the School Secretary, 
telephone (61 -Q 249 5185; Fax (61 -6) 2491884; 
email sec050@rsphysse.anu.edu.au. Closing 
date: 28 January 1994. Reference ISI 17.11.1. 
Salary: Fellow - AUS$50,225 - AUS$57,913 p.a. 
Senior Fellow - AUS$57,913 - AUS$68,618 p.a. 
A market-related salary loading may be paid in 
appropriate instances. Appointment: The ap¬ 
pointee will be appointed head of the group, ini¬ 
tially for an agreed period of between three and 
five years. Applications addressing the selection 
criteria should be submitted in duplicate to the 
Secretary, The Australian National University, 

- Canberra, ACT 0200, Australia, quoting refer¬ 
ence number and including curriculum vStae, list 
of publications and names and addresses of six 
referees. The University has a "no smoking" pol¬ 
icy in all University buildings and vehicles. The 
University is an equal opportunity employer. 


versity to conduct research in electronic materi¬ 
als, computer engineering or information science 
and systems. Most staff devote time principally to 
research, with some opportunities for teaching 
and thesis supervision when appropriate. A doc¬ 
torate is required. Respond to Ms. Carol 
Desmond, Department Manager, Dept, of EE 
B204 E-Quad, Princeton University, Princeton, 


E.A. "Larry" Drummond Chair of Computer 
Engineering. The University of Alabama invites 
nominations and applications for the E.A. "Larry" 
Drummond Chair of Computer Engineering. The 
successful applicant must have a distinguished 
research and publication record, a strong com¬ 
mitment to engineering education, and a demon¬ 
strated ability to provide leadership in developing 
and expanding research and academic pro¬ 
grams in computer engineering. Fie or she must 
develop a funded program andTmore importantly 
provide a focus to assist other faculty in develop¬ 
ing research programs in Computer Engineering. 
The position requires an earned Ph.D. in Electri¬ 
cal or Computer Engineering or in a closely 
related field. U.S. citizenship or permanent resi¬ 


dency is required for a tenure track appointment. 
Salaiy will be commensurate with qualifications. 
Submit nominations and applications to Dr. Rus¬ 
sell Pimmel, Department of Electrical Engineer¬ 
ing, University of Alabama, Box 870286, Tusca¬ 
loosa, AL 35487-0286. The Search Committee 
will begin reviewing applications March 1, 1994 
and wNl continue until the position is filled. Fe¬ 
male and minority candidates are strongly en- 
-1af^ly. The University of Alabama is 




jnity Affirmative Action Employer. 


Research ScientisWIsitlng Professor. The 

Space Vacuum Epitaxy Center at the University 
of Houston invites applications for a Research 
Scientist/Visiting Professor position with appoint¬ 
ment starting January 1994. We are seeking 
candidates with a Ph.D. in Physics, Electrical 
Engineering, or a related field to join our expand¬ 
ing program in optoelectronic device research. 
Research expertise and interest in lll-V quantum 
well devices, monolithically integrated optoelec¬ 
tronic devices, and in situ processing are helpful 
The center is equipped with Class 10 and Class. 
100 clean rooms and MBE/CBE capabilities. The 
salary of the appointment will be commensurate 
with qualifications and experience. Applicants 
should send a curriculum vitae, a list of publica¬ 
tions, and three letters of recommendations to; 
Dr. A. Ignatiev, Space Vacuum Epitaxy Center, 
University of Houston, Houston, TX 77204-5507. 
Review of applications will begin immediately 
until the position is filled. The University of Hous¬ 
ton is an EEO/AA employer. Minorities and 
women are encouraged to apply. 

Electrical Engineering Technology: The Penn¬ 
sylvania State University at Erie, The Behrend 
College. Applications are invited for a faculty 
position at the instructor or assistant professor 
level to teach associate and baccalaureate level 
technology courses starting Fall 1994. Prefer¬ 
ence will oe given to candidates with an empha¬ 
sis in factory automation, microprocessors, 
motors, data acquisition and process control. 
M.S. in electrical engineering or equivalent with a 
minimum of six years industrial experience 
required, professional registration preferred. 
Penn State Behrend is a 4-year primarily under¬ 
graduate institution within the 22-campus Penn 
State system. Behrend's technology programs 
are growing and have the support of local indus¬ 
try. Application deadline is February 15,1994 or 
until the position is filled. Send complete resume, 
official transcripts and the names of fhree refer¬ 
ences to Dr. R. Progeihof, Director, School of 
Engineering and Engineering Technology, Dept. 
EET 1, The Pennsylvania State University, Erie, 
PA 16563-0203. An equal opportunity/affirma¬ 
tive action employer. Women and minorities 
encouraged to apply. 

The School of Information Sciences and 

Technology at Monmouth College invites appli¬ 
cations for two tenure-track positions in Softvvare 
Engineering at the Associate or Full Professor 
level commencing September 1994. The Soft¬ 
ware Engineering Program is a professionally 
oriented Master's program and is designed to 
integrate elements of computer science, man- 
-- - 1 - 


dates are sought who are interested ar 
in both teaching several of the six core courses 
in the program as well as advanced courses in 
an area of specialization and in participating in 
funded research projects. A Ph.D. in some 
related discipline is required. A complete position 
description is available upon request. Applicants 
should submit resume to: Dr. Richard A. Kuntz, 
Dean, School of Information Sciences and Tech¬ 
nology, Monmouth College, West Long Branch, 
NJ 07764. The closing date is February 1,1994. 
Monmouth College is an equal opportunity/affir¬ 
mative action employer. 


Govemment/lndustry Positions Open 


Engineer I: Hardware and software design and 
testing of embedded computer systems with 


applications in automobile power train con¬ 
trollers. Preparing written technical reports. Job 
requires minimum of Bachelor's Degree in Elec¬ 
trical Engineering. Required minimum of 4 credit 
hours each in Computer Architecture and Digital 
Circuit Design. Minimum of 3 credit hours of 
Embedded System Design and /^plications 
Lab. Minimum of 4 credit hours of VLSI or equiv¬ 
alent course. University level technical writing 
class of 3 credit hours. 40 hr/wk, 8:30 a.m. - 5:00 
p.m.; $20 per hour-$30 per hour OT. Send 
resumes to 7310 Woodward Avenue, Room 415, 
Detroit, Ml 48202. Reference Number 71393. 
"Employer Paid Ad." 


Electrical Engineer P.E. for Florida Consulting 
Firm. Commercial/Hospital experience a must. 
Partnership potential. Write: Emtec Corporation, 
250 Bird Road, Suite 200, Coral Gables, FL 
33146. Fax: (305) 461-3390 


Software Design Engineer; By February 1, 
1994; Please send resume to: Employment 
Security Department, E&T Division, Job # 
399312-T, P.O. Box 9046, Olympia, WA 98507- 
9046. Job Description: Designs, implements, 
and tests software for micro computers following 
standard procedures. Redesigns advanced 
printing system software, including graphics ren¬ 
dering, low level input/output, and communica¬ 
tions software, to facilitate portability and ports 
software to different printers and printer con¬ 
trollers, utilizing MS-DOS operating system, and 
"C", 86 Assembler Series, and other assembly 
languages. Requirements: Master's degree in 
Electrical Engineering, Computer Science, Math¬ 
ematics or Physics; 6 months of work or mini¬ 
mum of semester long or equivalent school the¬ 
sis project experience in programming or com¬ 
puter software design utilizing MS-DOS operat¬ 
ing system, "C", 86 Assembler Series, and one 
other assembly language; and design and imple¬ 
mentation of graphics rendering software, and 
low level printer communication software, and 
porting printer software to different controllers. 
Experience may be gained concurrently. Must 
Have Legal Authority To Work In The United 
States. Job Location: Seattle Area Employer. 
Salary: $40,500-$49,500 per annum, depending 
on experience. Compensation package includes 
bonuses and stock options. 40 hours per week, 
flex time. EOE. 


Help Wanted: Power Systems Engineer by 

January 30, 1994, please send resume to: 
Employment Security Department, E&T Division, 
Attn: Job # 401886, P.O. Box 9046, Olympia, 
Washington 98507-9046. Job Description: 
Power Systems Engineer for the EMS Genera- 
tion/DTS Team within the Technology Group. 
Design, develop and test software products. 
Work to develop Power Systems Applications 
using expert system technology, including net¬ 
work analysis, generation ancTdispatcher train¬ 
ing simulator. Ijesign and develop on-line tran¬ 
sient stability analysis and transient energy func¬ 
tion analysis software to implement on-line 
dynamic security assessments. Requirements: 
Master's degree in Electrical Engineering, Com¬ 
puter Science or Mathematics; To incfude 20 
course hours in Power Systems Engineering; 1 
year experience in power systems programming; 
6 months experience in transient stability soft¬ 
ware design and 3 course hours or 3 months 
experience in expert systems; 6 months experi¬ 
ence or ten course credits in VAX/VMS and 
UNIX operating systems and Fortran and "C" 
languages. (Airexperience may be gained con¬ 
currently.) Must Have Proof of Legal Authority to 
Work in the United States. Salary Range: 
$41,500 - $51,817 per year. 40 hours per week, 
8 a.m. to 5 p.m., M-F. Position in Bellevue, 
Washington. EOE. 


Paradigm Shift, Inc. is seeking a candidate for 
the position of Software Engineer/Trainer. The 
ideal candidate will meet or exceed the following 
requirements: Ph.D. in Software Engineering or 
equivalent, 10 years experience in industrial sys¬ 
tems software and development, 3 years experi¬ 
ence in OOP, demonstrated excellence in teach¬ 
ing, willingness to travel minimum 30 weeks per 
year. The job responsibilities include: Train 
clients in OOP, OOD, and OOA to provide opti¬ 
mal technology transfer to the OO paradigm. 
Provide consulting which guides client s process 
and architectural and design decisions, develop 
training material, develop C-I-+ software compo- 
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nents. Compensation will be base salary plus 
bonus for each week traveled. Total starting 


range $75,000 - $115,000 plus generous benefit 
package. Relocation to the corporate location is 
not required at this time. Applicants should con¬ 
tact John Meyers, Product Manager, at Para¬ 
digm Shift, Inc., P.O. Box 5108, Potsdam, NY 
13676, Fax 315-353-6110, meyers@parashift. 


-P fiber- 

_,__ integrated 

optical sensors, tactile arrays, phase sensitive 
fluorometers for environmenfal/industrial appli¬ 
cations. Laboratory exp. in single-mode fibers, 
molecular self-assembly multilayer and sol-gel 
deposition, liquid-crystal waveguides. Working 
knowledge of phase-conjugate resonators, non¬ 
linear optics. Iterative image processing. Req: 
Ph.D. Pnys./EE +2 yrs. exp. 40 hrs/wk, $18/hr. 
Job site: Radford, VA. Mail resume & copy of Ad 
to VEC, VA3111061, POB 61, Roanake, VA 
24002-0061. 


Manager: Direct radio engineering group ol 
lular telecommunications firm in designing n.. 
works to enhance capacity; developing stan- 


service; implementing digital technology; evalu¬ 
ating radio technologies; providing technical sup¬ 
port to field operations; and managing the radio 
aspects of the relationships with key system sup¬ 
pliers. Requirements: B.S.E.E. 2 yrs. exp. direct¬ 
ing the activities of licensed professional electri¬ 
cal engineers as Manager of Radio Engineering 
for cellular telecommunications firm with multiple 
markets and at least 200,000 customers; 4 yrs. 
exp. designing radio cellular AMPS systems with 
Ericsson CMS 8800 architecture; 2 yrs. exp. 
preparing technical and engineering documenta¬ 
tion for cellular license applications in jurisdic¬ 
tions utilizing the Global System Mobile stan¬ 
dards; 2 yrs. exp. designing 900 MHz mobile 
data and paging systems. (Experience may be 
gained concurrently.) Must Have Legal Authority 
To Work In The United States. Job Location: 
Kirkland, Washington. Salary: $70,000 per 
annum; Compensation package incl. stock 
option and bonus. 40+ hours per week, 9-5. By 
January 31, 1994, send this ad and resume to: 
Employment Security Department, E&T Div, Job 
No. 396462, Olympia, WA 98507-9046. 

Engineering, Software: Serve as Architect & 
Senior Designer of software driver for next gen¬ 
eration of graphics controller supporting motion 
video & audio applications on a Personal Com¬ 
puter; responsible for coordination & technical 
leadership of engineering team split across geo¬ 
graphic locations. M.S. degree in Computer Sci¬ 
ence, or Mathematics, or Mathematical Logic 
and Theory. 5 years experience as a Software 
Engineer. Software engineering experience 
must include: Digital Video (DVKs)) development; 
application of DVI technology in Action Media 11 
environment; graphics as well as integrated 
graphics and motion video adapter hardware 
architecture; operating system design & imple¬ 
mentation, including multimedia extensions; 
experience in running^ a multisite engineering 
development team. ■$66,240/yr.; 40 hrs./wk. 
Place of employment and interview: Hillsboro, 
OR. If offered employment, must show legal right 
to work. Send this ad and your resume to: Job 
Order #5550580, 875 Union Street, N.E., Room 
#201, Salem, OR 97311. The company is an 
equal opportunity employer and fully supports 
affirmative action practices. 


Power Engineer - Provide technical support ser¬ 
vices to system control center to update, develop 
and maintain electric utility's energy manage¬ 
ment system and other control center automa¬ 
tion systems. Provide support in the areas of (1) 
the energy analysis applications, (2) the power 
network application which includes the state esti¬ 
mation, contingency analysis, and load flow 
analysis. Apply artificial intelligence in the area of 
power systems restoration. Duties involve an 
interface of responsibilities in the area of power 
systems of the electrical engineering and com¬ 
puter areas. Require MSEE and 6 months expe¬ 
rience as Power Engineer Intern. Education and 
master's thesis must be in area of power sys¬ 
tems. Education must include courses in each of 
the following: Energy Conversion, Computer 


Analysis of Power Systems, Industrial Power 
System, Computer Simulation of Power System 
Components and two courses in Power System 
Analysis. Familiarity with Control Power Systems 
and Industrial Drives. Education or experience 
must include extensive use of FORTRAN, 
BASIC, C, assembler language, VAXA/MS, 
VAX/UNIX, MS-DOS, Word Processing and 
spread sheet programs, and IBM-PC or compat¬ 
ible. 40 hrs/wk 8 a.m. to 5 p.m. $35,400/yr. Send 
resume with social security number to Indiana 
Department of Workforce Development, 10 N. 
Senate Avenue, Indianapolis, IN 46204, Attn: 
Gene R. Replogle. Refer to I.D. #r - 


ulation; simulation of electrical magnetic in_ 

ence and electro-magnetic compatibility projects 
in automobile industry which will include simulat¬ 
ing electrical circuits using SPICE, SABER and 
ORCAD, simulating optical systems for pattern 
recognition using MATLAB and electrical hard¬ 
ware and software simulation; Reqs. Master's in 
Elec. Engg., 2 yrs exp. in job offered or 2 yrs. 
related exp. as Project Engineer. 2 yrs. of the 
related exp. must have included electrical hard¬ 
ware and software development. Related exp, or 
Master's thesis research must have included 
simulating electrical circuits using SPICE, 
SABER and ORCAD software, programming 
using C language; and 1 univ. course in Theory 
of CTptical Waveguides, Contemporary Optics, 
Optical Information Processing, Fiber & Inte¬ 
grated Optics, Electrodynamics, and Antenna; 
$3,317.40/mo., 40 hrs/wk. Send resume to 7310 
Woodward Ave., Room 415, Detroit, Ml 48202. 
Ref. #84493 "Employer Paid Ad" 

Scientist, Research: Research on new CAD 
tool for auto verif of VLSI circ (formal verif, logic 
simul, timing verif & test); devel prototype CAD 
tool to demo "proof-of-concept"; solve problem 
relevant to high custom design envrnmt. PHD in 
EE or Comp Sci; or MS in EE or Comp Sci + 2 yrs 
exp in VLSI CAD R&D reqd. $7000/mo. 40hr/wk. 
Exp w/ VLSI CAD algorithm research (formal 
verif, logic simul, timing verif, logic synthesis), 
implicit technq for Boolean manipulations on circ, 
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—..<eley, CA. Send ad & resume to IEEE Spec 
trum. Box 1-1, 345 East 47th Street, New York, 
NY 10017. 

Software Applications Engineer for NE Ohio 
software development company, to design & 
j—I— -u:-., software & graphics' 


develqp object-oriented s 


__3r interface for distributed discrete_ 

ulator in C, Motif under X Window system of 
UNIX operating systems: design & conduct tests 
for quality assurance of product; document, 
maintain & upgrade software. Applicants will 
qualify with 3 months exp. in above duties or 3 
months exp. as a System Analyst (exp. must be 
with X Window system of UNIX operating sys¬ 
tems and design & development of programs in 
C language) and an M.S. in Electrical Engineer¬ 
ing or Computer Science (Master's thesis must 
have been in design development of object-ori¬ 
ented software and graphical user interface 
using XLib programming. Motif, Athena & Open 
Look libraries). Must have proof of legal authority 
to work permanently in U.S. M - F, 8:AM - 5;PM, 
$37,000/yr. Please send resume, copies of 
degrees, transcripts and letters confirming the 
required experience in duplicate (No Calls) to J. 
Davies, JO# 1402608, Ohio Bureau of Employ¬ 
ment Services, P.O. Box 1618, Columbus, OH 
43216. 

Electrical Engineer needed to design control 
panels and automation systems; estimation of 
job cost; follow-up with field installation and close 
out costing; use autocad and computers. BSEE 
degree required. 2 courses in control systems; 2 
courses in Protective Relays; 2 courses in elec¬ 
trical energy systems engineering. 40 hrs/wk. 
$15.68/hr. 7:00 a.m. - 3:30p.m. Send Resumes 
to 7310 Woodward Ave., Rm. 415, Detroit, Ml 
48202. Ref. No. 88293. Employer Paid Ad. 


TMS320 and TMS320C25 is a big asset. 3 yrs. 
experience min. Toronto location. Fax CV to ISG 
(905) 602-6091. 


Government/lnaustry Positions WanteO 


trols and Bi____ 

tion/interpersonal skills. Speaks German, Span¬ 
ish & French. Resume available in Postscript 
(chugani.ps.Z) & ASCII (chugani.asc.Z) com¬ 
pressed formats via anonymous FTP from 
ftp.rpi.edu (128.113.1.5) in /pub/misc. Phone: 
(518) 271-0156, Email: chugani@ecse.rpi.edu. 
Address: 2246 14th Street, Troy, NY 12180, 
USA. 


INTRODUCING 


THE IEEE 

MEMBER 

•GET*A* 

MEMBER 

PROGRAM 


Help a Colleague. 
Help the Institute. 
Help Yourself. 

1-800-678-IEEE (1-800-678-4333) 



Two VACANT 
PROFESSORATES 
in Electrical Engineering at the In¬ 
stitute of Mathematical and Physical 
Sciences. Required background: sig¬ 
nal analysis, image processing, electro¬ 
nics, measurement or control techni¬ 
ques. If fully qualified applicants are 
not available, appointments may be 
made to temporary positions for up to 
three years. The annual salary of a 
fully qualified professor is at present 
NOK 307.524 - 345.548 depending on 
qualifications. There will be a 
deduction of NOK 6.029 - 6.283 per 
annum to be paid into the compulsory 
pension fund. Further information may 
beobtainedfrom:LasseL 0 nnum, Chief 
Administrator, tel. 011.47.77 64 40 03, 
e-mail: lasse(®adm-imr.uit.no orTruls 
Lynne Hansen, Head of Department, 
tel.011.47.77 64 5146. 

Deadline FORAPPLiCA'noNS: 26 .jan.94. 


Applications should be sent in 5 copies 
together with the relevant certificates to: ' 

The University of Tromso 

N-9037 Troms0, Norway. 

Full directives for application 
job description can be obtaine 
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PROFESSIONAL CONSULTING SERVICES 


1 lnsertion-$338 ADVERTISIflG RATES 12lnsertions-$4056 

50% discount to IEEE members on three or more insertions. 

If you are an IEEE member, please enclose your membership number with the order. 

Copy cannot exceed 1-inch in depth. 

No product may be offered for sale. 

Advertising restricted to professional engineering and consulting services. 

No orders can be accepted by telephone; order and copy must be sent together. 

For any further information and closing dates please contact; 

Advertising Production Dept,, 212-705-7578. 



THE CONSULTING GROUP 


Consulting, Contract R&D, and Prototyping 

Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408)446-9812 Cupertino, CA 95014 

Multi-Disciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. Industrial Power System. 

R&D, Prototyping & Testing in our Lab facilities. 
119-40 Metropolitan Ave., Ste.AS, Kew Gardens, NY11415 

Pit. (718) 846-5400 Fax (718) 846-2440 



RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmental Impact 

• Simulations of Fields & Phenomena 

Jeremy K. Raines, Ph.D. (MIT), P.E. 

13420 Cleveland Drive (301) 279-2972 

Potomac. Maryland 20850-3603 


Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Post Office Box 522 

Pacific Palisades, CA 90272 

Tel; (310)459-8728 

Fax: (310) 573-1781 



CONTROL SYSTEM CONSULTING 


CONSULTING & PROTOTYPES 

• Servo design, high performance motion 



control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS JAMES R. HENDERSHOT 

too Homestead Ave. TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 



IRAJ. PITEL, Ph.D. 

Consulting, Research and Development 
in Power Electronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics, 

MAGNA-POWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201 ) 428-1197 Fax (201 ) 428-2853 


Richard W. Brounley, P.E. 

RF ENGINEERING CONSULTANT 

Specializing in the design of solid state 

RF transmitters and associated circuits 
• Complete RF laboratory facilities • 

• Prototype Development • Pilot production runs • 

• Production follow-up • 

7381 114Ave.N., Unit 410 

Largo, FL 34643 
(813)546-9371 



LEONARD R. KAHN, P.E. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


SPREAD SPECTRUM 

Communications Systems Engineering, inc. 

• Specializing in Spread Spectrum systems. 

• FCC Part 15 apps, direct sequence or hopping. 

• Low cost, alignment free implementations, DSP. 

• Complete RF and digital laboratory facilities. 

1004 Amherst Avenue Phone: (310) 820-3825 

LA., CA 90049 Fax: (310) 820-6761 



International Compliance Corporation 
Design, Test, & Consulting 

• FCC Certification/Verification 

• CISPR, immunity, CE Marking 

• Product Safety: UL, CSA, lEC 

Dallas, TX ■ Austin, TX 

1911 E. Jeter Rd (817) 491-3696: tel 

Argyle, TX 76226-9401 (817) 491 -3699: fax 


Princeton Electro-Technology, Inc. 

MAGNETIC CIRCUIT 
DESIGN & PROTOTYPE DEVELOPMENT 

MDTDRS, ACTUATDRS, SENSDRS & MAGNETS 

Peter Campbell, Ph.D., M.A., President 

2449 Patricia Avenue Tel: (310) 287-0375 

Los Angeles, CA 90064 Fax: (310) 287-0378 


motors (fractional & multi _ 

Computer modelling (F.E.A.) • Prototyping and test¬ 
ing • Technical seminars • Motion control • Magnetic 
devices • Magnet charging • Solenoids • Actuators 
CONSULTING 
Services since 1987 
GEORGE P. GOGUE, Ph.D. 

16985 S.W. Kemmer Road, Beaverton, Oregon 97007 
Phone: (503) 590-9014 Fax : (503) 590-9015 


MODICOIV 98 4’s 


Need experienced help? - We've written 10,000 484/684/984 ladder 
logic networks in the last decade, created 12 complex, table-driven 
batching systems, controlled pnuematic transport systems, conveyors, 
grinders, dryers, extruders, devised smart-PID strategies, created cor¬ 
porate design standards. We have provided team leaders on 7000 I/O 
projects (finished on-time/on-budget!) Isn't your project really too 
important to leave to chance? Call or write for free brochure, 

APC Consultants, Inc., P.O. Box 338 (314)965-5002 

Valley Park, Missouri 53088 (St. Louis) Founded 1983 


Consulllitii*Tralnlng-tTastliig*RSD 

-Euro EMI Specs, CE Marking- 
+NARTE certified Engineers 
EURO EMC SERVICE Dr.Hansen GmbH 
HQ Germany: Phone: +49-3328477141 

Fax: +49-3328477142 

UK: Phone: +44-245251973 

Fax: +44-245267133 

Switzerland: Ph.+Fax: +41-57337381 


McGlew & Tuttle, EC. 

PATENT, TRADEMARK, COPYRIGHT LAW SINCE 19 

FEDERAL LITIGATION 

TEL: 914 941 5600 
FAX: 914 941 5855 


SOFTWARE PRODUCTION 

You’ve written it, now 

' how do you manufacture it? 

• Duplication? 

• License Agreements? 

• Manuals? 

• Registration Cards? 

• Packaging? 

• Assembly? 

Princeton Diskette 

Literature Available. 

.'*800-426-0247 


Linear Integrated Circuits 

Design, Trouble-Shooting, Consulting 
Patent Expert 
H.R. Camenzind 
Array Design 
415-648-6096 


KALMAN FILTERING 
SOFTWARE 

•LOW CONSULTING RATES 
• SHORT COURSES WITH SOFTWARE 
•OFF THE SHELF SOFTWARE 
•FREE BROCHURE 

Applied Filtering Lab 309-452-2987 

101 Robert Drive Normal, II 6l76l 
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CONTINGENCY PATENT LICENSING 
NO FEES ANYTIME 

Three decades experience: Law, Technology, Negotiation 
Five Earned Degrees 

DAVID FINK, ESQ. 

441 Summer Street 

Stamford, CT 06901 

Tel; (203) 325-3344 Fax: (203) 325-4443 


Patent Attorney 

Electronics/Software 

I. lonescu, MSEE, PE, JD, MBA 
203-381-9400 (FAX 203-381-9401) 

Box 697, Stratford, CT 06497 



MICROWAVE DESIGN 

Active and passive circuits, 
antennas, feedhoms 

Marwan E. Nusair, Ph.D. P.O. Box 429355 

Cincinatti OH 45242 (513) 284-3020 

Fax (513) 489-3501 


Keith H. Sueker, PE 

Consulting Engineer 

• Power Factor Control 

• Power Conversion 

• Harmonic Mitigation 

IEEE 519 tutorials, studies and filter design for utilities and industry. 

110 Garlow Drive, Pittsbuigh, PA 15235 

Phone: 4l2 793 6737 FAX 412 793 7030 



SYHomDEsm Inc. 

DESIGN OF MIXED-SIGNAL INTEGRATED CIRCUITS 
ENGINEERING SYSTEM INTERFACE THROUGH SILICON 
SPECIALIZING IN HIGH DYNAMIC-RANGE APPLICATIONS 

• ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS 
• SWITCHED-CAPACITOR FILTERS 
•BUFFER AMPLIFIERS • PHASE-LOCK LOOPS 

• LOW-VOLTAGE ANALOG-CMOS CIRCUITS 

Contact: Danlal Senderowicz, Ph.D. 

2140 Shattuck Avenue, Suite 605 Phone: (510) 486-0797 

Berkeley, California 94704-1210 E-mail: daniel@synchrods.com 


EMBEDDED SYSTEMS DEVELOPMENT 

• Telecoms, ISDN, ATM, Protocols 

• Real Time, DSP, Rise, Microcontrollers 

• Turnkey Solutions, On/Off-Site consulting 

British University Qualified Consultants (MSc, PhD) 

70499 StuciBait,CemMny Weaenille, OH 43081 

Tel:+«71t 881010 Tel: 614 899-7878 

Fax:+49 7118661240 Fax:614 899-7888 


ISSA/NSA 

POLY 


USE YOUR “TICKETS” 

FOR FASTER CAREER GROWTH 

Put our 27+ years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALL AC H 

^sociate^^h^ 

Washington Science Center 
6101 Executive Bouievard 
Box 6016 

Rockviiie, Maryiand 20849-6016 


BOARD OF DIRECTORS HEADQUARTERS STAFF PUBLICATIONS BOARD 


H. Troy Nagie, President 
James T. Cain, President-Elect 
V. Thomas Rhyne, Treasurer 
Luis T. Gandia, Secretary 


Martha Sioan, Past President 
John H. Pow/ers, Executive Director 


Vice Presidents 


Kenneth R. Laker, Educational Activities 
Charies K. Aiexander, Professional Activities 
Lioyd A. Morley, Publication Activities 
Viiay K. Bhargava, Regional Activities 
Vi/ailace S. Read, Standards Activities 
Donald M. Bolle, Technical Activities 


I Division Directors ~ 


Suzanne R. Nagel (I) 
E.G. Kiener (II) 

John S. Ryan (III) 

W. Kenneth Dawson (IV) 
Gerald L. Engel (V) 


Bruce A. Eisenstein/W,) 
John W. Pope (Vii) 
James H. Aylor (VIII) 
John G. Ackenhusen (IX) 
Charles J. Robinson (X) 


I Region Directors 


Richard A. Ackley (1) 
Arthur Van Gelder (2) 
Deborah M. Powers (3) 
Vernon D. Albertson (4) 
Ross C. Anderson (5) 


Chester C. T^lor (6) 
Raymond D. Findlay (7) 
Charles W. Turner (8) 

Hugo Fernandez Verstegen (9) 
Tsuneo Nakahara (10) 


Donald G. Fink, Director Emeritus 
Eric Herz, Director Emeritus 


John H. Powers, General Manager and 
Executive Director 

I Staff Executives ~ 

Richard D. Schwartz, Business 
Administration 
Phyllis Hall, Publications 
Frank R. Moore, Volunteer Activities 

I Staff Directors 

Irving Engelson, Corporate Activities 
William Habingreither, Customer Service 
Peter A Lewis, Educational Activities 
Melvin I. Olken, Regional Activities 
Andrew G. Salem, Standards Activities 
W. Thomas Suttle, Professional Activities 
Robert Wangemann, Technical Activities 


Lloyd A. Morley, Chair 
Robert Dent, Vice Chair 
Phyllis Hall, Staff Secretary^ 


Frederick T. Andrews 
James Ashling* 
Deborah Czyz* 
Jonathan Dahl* 
Karsten E. Drangeid 
Richard Fair 
Randall Geiger 
Dudley Kay* 

Edmund Miller 
William Perkins 
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Hugh Rudnick 
Allan Schell 
True Seaborn* 

Murray Slovick* 
Robert Voller 
Patricia Walker* 
Robert Wangemann* 
George Watson* 
Helen M. Wood 
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I Staff Secretaries | 

Awards: Maureen Quinn 
Board of Direcfors: Irving Engelson 
Educational Activities: Peter A Lewis 
Reg/ona/AcftV/t/es; Melvin I. Olken 
Publishing: Phyllis Hall 
Standards Activities: Andrew G. Salem 
Technical Activities: Robert Wangemann 
United States Activities: W. Thomas Suttle 
For more information on Staff Secretaries 
to IEEE Committees, please communicate 
with the IEEE Corporate Activities. 


I Publications Directors | 

James Ashling, Director, Publications 
Information Services 
Dudley Kay, Director, IEEE Press 
Lewis Moore, Director, Publications 
Administration 

Patricia Walker, Director, Transactions/Journals 


Editorial Offices: New York City 212-705-7555 San Francisco 415-282-3608 Washington, DC 202-544-3790 


lai^e, WashinglOT watch, and Whatever h^^jened to? are trade¬ 


EDITORIAL CORRESPONDENCE. IEEE Spectrum, 345 
East 47th St., New York, NY 10017, Attn: Editorial Dept. 
Reqxjnsibility fw the substance of articles published rests upcm 
the authOTS, not the IEEE or its members. Letters to the editor 
may be excerpted fiar publicaticm. 

REPRINT PERMISSION. Libraries: Articles may be photo¬ 
copied for private use of patrons. A per-copy fee (indicated 
after the code appearing at the bottom of the first page of 
each article) must be paid to the Copyright Clearance Center, 
29 Congress SL, Salem, MA 01970. Other copying or republi¬ 
cation: Contact: Business Manager, IEEE Spectrum. 


ADVERTISING CORRESPONDENCE. IEEE Spectrum. 345 
East 47th Sl, New York. NY 10017, Attention: Advertising 
Department, 212-705-7760. Also see Advertising Sales Offices 
listing on last page. The publisher reserves Ae right to reject any 
advCTtising. 

COPYRIGHTS AND TRADEMARKS. IEEE Spectrum is a reg¬ 
istered trademark owned by The Institute of Electrical and 
Electronics Engineers, Inc. At issue, EEs' tools & toys, EV 
wateh. Faults & failures, Innovaticais, Legal aspects, M^ging 
technology, Newslog, Program notes. Reflections, Speakout, 
Spectral lines. Spinoffs, Technically speaking. The engineer at 


marks of the IEEE. 

GENERAL INQUIRIES: 1-800-678-1EEE; Headquarters: 
345 East 47th St., New York, NY 10017, 212-705-7900. 
Tel. extensions at headquarters: General Manager, 7910; 
Public Relations, 7369; Publications, 7560. At other loca¬ 
tions: Regional Activities, Section Services, Educational 
Activities, 908-981-0060. Or write to IEEE Service Center, 
Box 1331, Piscataway, NJ 08855; Membership Services, 
908-981-0060; Professional Activities, 202-785-0017; Technical 
Activities, 908-562-3900. 
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Scanning 

The Institute 

Send for the IEEE’s 
strategic plan via e-maii 

Adopted by the Board of Directors at its 
November meeting in Raleigh, N.C., the 
strategic plan setting the IEEE on course for 
the 21st century can be transmitted to mem¬ 
bers as an ASCII file by electronic mail, ftp, 
or Gopher. The plan calls on the IEEE to 
promote “the development of electrotech¬ 
nology and allied sciences, the application of 
those technologies for the benefit of humani¬ 
ty, the advancement of the profession, and 
the well-being of its members.” 

To receive the document via electronic 
mail, send a message to “fileserver® 
info.ieee.org”. No subject is required, but if 
your mail software requires one, type any 
character in the subject field. In the body of 
the message, put the file name you wish to 
receive: “strategic.plan”. The file server will 
automatically send it. 

To use anonymous ftp, set your ftp soft¬ 
ware to point to “ftp.ieee.org” Then log on 
as “anonymous”. Make your e-mail address 
the password, change the directory to 
info/corp, and get “strategic.plan”. 

To use Gopher software, set it to point to 
“gopher.ieee.org”. Then look under IEEE in¬ 
formation files. Corporate Services Infor¬ 
mation, and get the strategic plan. 

Reporters neePed 

Got a nose for news? THE INSTITUTE, the 
IEEE’s newspaper for members, is going to 
change and members everywhere are being 
asked to play a role. If you’d like to help 
gather news—of industry, technology, and 
people—that’s of interest to members 
around the world, contact editor Murray 
Slovick at m.slovick@ieee.org for informa¬ 
tion. Or write to him at THE INSTITUTE, 345 
E. 47th St., New York, NY 10017. 

Engineers Week, Feb. 20-26 

Educating the public on the scope of what 
engineers do is the purpose of National 
Engineers Week. This year the 44th annual 
celebration starts on Feb. 20. The theme is 
“Engineers turning ideas into reality.” 

The IEEE is one of some 60 corporate 
and society sponsors of the week’s activi¬ 
ties, which tMs year focus on engineering 
the future. IEEE members will take part at 
the grass-roots level, organizing such things 
as exhibits of engineering projects at local 
shopping malls and the second annual 
Future City competition, in which high- 
school students design a city of the future. 

Ideas for projects and ways of organizing 
local activities are summed up in a National 
Engineers Week kit available from lEEE- 
U.S. Activities in Washington, D.C. The kit I 


discusses, for example, how to work with lo¬ 
cal schools and with local media to publicize 
an event, and how to put on the nM events 
themselves. Contact U.S. Activities at 202- 
785-0017; fax, 202-785-0835; and e-mail, 
p.mccarter@ieee.org. 

Virtual reality and disabilities 

Technical and public policy papers are being 
sought for a conference on “Virtual reality 
and persons with disabilities,” to be held June 
8-10 at the San Francisco Airport Marriott 
Hotel. The object of the conference is to 
unite experts in virtual reality (VR) with oth¬ 
ers specializing in disabilities and to promote 
R&D and commercialization. 

Feb. 15 is the due date for papers for the 
conference, which is sponsored by the 
IEEE’s Neural Networks CoxmcU and the 
Center on Disabilities of California State 
University, Northridge. For information, 
contact Harry Murphy, Center on Dis¬ 
abilities, California State University, North¬ 
ridge, 18111 Nordhoff St., Northridge, CA 
91330-8340; 818-885-2578; fax, 818-885- 
4929; e-mail, vr@vax.csun.edu. 


ADVERTISING SALES OFFICES 


Michael Triunfo Advertising Manager 212-705-7312 

Eric Sonntag Safes Promotion Manager 212-705-7017 

Theresa Fitzpatrick Advertising Production 


Boston, MA-Doug Long, 

46 Main St.. P.O. Box 2780. Orleans. 02663 508-255-4014 
Chicago, IL-Rafph Bergen. 

One Northfield Plaza, Suite 300, NorthfieW, 60093 708-446-1444 
San Francisco, CA-Denis F. Duffy, 

3755 Balboa Street, Suite 201.94121 415-386-5202 
Los Angeles, CA-Lynne Andrew Evans. 

5757 West Century Boulevard. #700,90045 310-649-3800 
Atlanta, GA-H. Michael Coleman, C. William Bentz III, 

4651 Roswell Road N.E.. Suite #F503. 30342 404-256-3800 



Coming 

in Spectrum 


ID BIOMETRICS. Hand shapes, fingerprints, 
iris textures, facial features, voice pat¬ 
terns—these and other personal attributes 
can be digitized and analyzed by computer 
to verify identity nearly instantaneously. 
The process works for everything from 
corporate security to automat^ teller ma¬ 
chines. In this special report, experts from 
many leading biometric identification com¬ 
panies describe their latest technology. 
NEARING NUCLEAR FUSION. Despite skepti¬ 
cism about whether a commercial fusion re¬ 
actor based on the magnetic confinement of 
plasma will ever be built, the last decade has 
seen noteworthy advances in the shaping, 
confinement, and control of plasmas. This 
article wraps up the progress made toward 
nuclear fusion at installations in the United 
States, Europe, and Japan. 

FAST IN, FAST OUT. Memory designers are al¬ 
ways concerned about the bandwidth de¬ 
manded by fast microprocessors. The speed¬ 
ier static RAMs have managed to keep up, 
but they are being challenged by dynamic 
RAMs that have turned to synchronous de¬ 
signs. Jedec has completed a standard and 
attention is turning to designing the fast syn¬ 
chronous DRAMs into real systems. 

PROFILE: MARCIAN E. (TED) HOFF JR. The ar¬ 
chitect of the first commercial micropro¬ 
cessor and former research chief for Atari 
Corp. is now a high-tech sleuth, using his 
collection of vintage electronic components 
to analyze patent disclosures being contest¬ 
ed in the courts. 


Circle numbers on the Reader Service Card, 
opposite page 90, that correspond to the ad¬ 
vertisers listed below. ‘Advertiser in North 
American edition. “Advertiser in North 
American Exact edition. 


‘Academic Press 

American Management Association 
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•Computer Watch 
CYME International 
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••Elanix 
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lEICE 

•Integrated Engineerin 
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Mita Press 

National Instruments 

••National Technology Transfer Center 
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••Seabury & Smith Financial 
•Seabury & Smith Insurance 
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Transitions Research 
University of Massachusetts 
•University of Michigan 
•University of New Mexico 
Wireless '94 
Wolfram Research 
Z-World Engineering 


104 


IEEE SPECTRUM JANUARY 1994 























Your designs include packaging, power and 
ground planes, and multi-layer components - 
all complicated 3D structures. And nobody does 
3D like Ansoft. The 3D field solvers in Maxwell® 
Spicelink are built on decades of engineering ex¬ 
perience and guaranteed correct, accurate answers. 


At clock speeds above 50MHz, inductive effects - - 

m such as "ground ■ -■ 

I bounce" - can 
I cripple board, MCM, 

I and package designs. Maxwell 
I offers a proven method of char- 
I actenzing non-ideal grounds and 
I loop inductance - not partial 
■ inductance-so that you KNOW 
what is happening in your design. 


■fWaO'jj 

Maxwell gives you all the extraction you need in a 
single program. Use our fast finite element technology 
for resistance and inductance calculations, multipole 
accelerated boundary elements for capacitance 



Circle Na 4 .6IS5GHT 

The companies and products named are trademarks of their mamfacturers. s-. . 






































Three views of bending [ones on a magnetic levitation train guideway. Analysis was one part of an 
80ih -order differential equation modeled with MATLAB. Data courtesy of Grumman Corp. 


Add it all Up- 
nothing else equak 
MAILAB'for 
technical computing. 

High-performance numeric 
computation. 

MATLAB puts over 500 math, sci¬ 
entific, and engineering functions 
at your fingertips, all designed to 
deliver high-performance numeric 
computation to your desktop. With 
MATLAB, you can quickly and easi¬ 
ly crunch huge data sets and evalu¬ 
ate complex models. 

Stunning 3-D graphics to 
sharpen your insight. 

MATLAB's advanced 3-D visualiza¬ 
tion tools have no peer. They’re 
interactive and tightly coupled to the 
math functions, so you can freely 
analyze, transform, and visualize — 
and immediately get to the essence 
of your data and computations. 


T T hen you need to solve tough 
technical problems, math is only 
part of the equation. 

MATLAB gives you math and more. 
It’s a complete, extensible technical 
computing environment that provides 
computation, visualization, and 
application-specific toolboxes. 



Visualization of a spherical harmonic function, 
created with the new Syndfolic Math Toolbox. 


A simple, powerful, open 
programming language. 

MATLAB is the natural language to 
express technical concepts, design 
algorithms, and prototype solutions. 
An elegant language, rich with built- 
in functionality, MATLAB enables 
you to develop technical applica¬ 
tions in a fraction of the time it 
takes with Fortran, Basic or C. 

Powerful GUI tools let you build 
intuitive, interactive displays, com¬ 
plete with sound and animation. 

With MATLAB’s open approach, 
you can inspect source code and 
algorithms, change existing func¬ 
tions, or create your own. You can 
also link MATLAB with your C or 
Fortran programs, exchange data 
with other applications, and share 
work across systems. 



Enhancement of a ceU micrograph using density 
slicing with the new Image Processing Toolbox. 


Leading-edge toolboxes 
give you a head start. 

MATLAB Toolboxes are the prod¬ 
uct of world-class research in engi¬ 
neering and science. Easily com¬ 
bined and customized, toolboxes 
provide comprehensive collections 
of MATLAB functions for special¬ 
ized application areas. The 
MATLAB toolbox family includes; 

• Signal Processing 

• System Identification 

• Nonlinear Optimization 

• Neural Networks 

• Spline Analysis 

• Control System Design 

• Robust Control Design 

• p-Analysis and Synthesis 


New MATLAB 
Toolboxes 

Symbolic Math Toolbox 

• high-performance symbolic 
algebra and calculus 

• equation solving and 
simplification 

• variable precision arithmetic 

• includes Maple V® kernel 

Image Processing Toolbox 

• advanced filter design and 
filtering techniques for images 
and 2-dimensional signals 

• color and morphological 
operations 

• 2-D transforms 

• image analysis, enhancement, 
and restoration 

Statistics Toolbox 

• interactive data analysis and 
graphics 

• descriptive statistics 

• regression analysis 

• probability modeling and 
random number generation 


Your choice of platforms. 

MATLAB provides cross-platform 
interoperability across PC, Mac, 
workstation, minicomputer, and 
supercomputer platforms. 

The Ultimate Technical 
Computing Environment"". 

To learn how MATLAB accelerates 
the pace of discovery and develop¬ 
ment, call today and ask for your 
technical brochure: 

508/653-1415 


The 

MATH 

•WORKS 


24 Prime Park Way/Natick, MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
Email infa@mathwarks.cam 


idgeContoUltl: ++ 


Toiwon: +886-2-501-fi767 
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